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PREFACE 

The  series  of  readings  contained  in  the  present  volume  give  in 
somewhat  expanded  form  the  substance  of  a  course  of  illustrated 
lectures  which  has  now  for  several  years  been  delivered  each 
semester  at  the  University  of  Michigan.  The  keynote  of  the  course 
may  be  found  in  the  dominant  characteristics  of  the  different  earth 
features  and  the  geological  processes  which  have  been  betrayed 
in  the  shaping  of  them.  Such  a  geological  examination  of  land- 
scape is  replete  with  fascinating  revelations,  and  it  lends  to  the 
study  of  Nature  a  deep  meaning  which  cannot  but  enhance  the 
enjoyment  of  her  varied  aspects. 

That  there  is  a  real  place  for  such  a  cultural  study  of  geology 
within  the  University  is  believed  to  be  shown  by  the  increasing 
number  of  students  who  have  elected  the  work.  Even  more  than 
in  former  years  the  American  travels  afar  by  car  or  steamship,  and 
the  earth's  surface  features  in  all  their  manifold  diversity  are  thus 
one  after  the  other  unrolled  before  him.  The  thousands  who  each 
year  cross  the  Atlantic  to  roam  over  European  countries  may  by 
historical,  literary,  or  artistic  studies  prepare  themselves  to  derive 
an  exquisite  pleasure  as  they  visit  places  identified  with  past 
achievement  of  one  form  or  another.  Yet  the  Channel  coast,  the 
gorge  of  the  Rhine,  the  glaciers  of  Switzerland,  and  the  wild  scenery 
of  Norway  or  Scotland  have  each  their  fascinating  story  to  tell 
of  a  history  far  more  remote  and  varied.  To  read  this  history,  the 
runic  characters  in  which  it  is  written  must  first  of  all  be  mastered ; 
for  in  every  landscape  there  are  strong  individual  lines  of  char- 
acter such  as  the  pen  artist  would  skillfully  extract  for  an  outline 
sketch.  Such  character  profiles  are  often  many  times  repeated  in 
each  landscape,  and  in  them  we  have  a  key  to  the  historical  record. 

An  object  of  the  present  readings  has  thus  been  to  enable  the 
student  to  himself  pick  out  in  each  landscape  these  more  significant 
lines  and  so  read  directly  from  Nature.    In  the  landscapes  which 
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have  been  represented,  the  aim  has  been  to  draw  as  far  as  possible 
upon  localities  well  known  to  travelers  and  likely  to  be  visited, 
either  because  of  their  historical  interest  or  their  purely  scenic 
attractions.  It  should  thus  be  possible  for  a  tourist  in  America 
or  Europe  to  pursue  his  landscape  studies  whenever  he  sets  out 
upon  his  travels.  The  better  to  aid  him  in  this  endeavor,  some 
suggestions  concerning  the  itinerary  of  journeys  have  been  supplied 
in  an  appendix. 

Regarded  as  a  textbook  of  geology,  the  present  work  offers  some 
departures  from  existing  examples.  Though  it  has  been  customary 
to  combine  in  a  single  text  historical  with  dynamical  and  structural 
geology,  a  tendency  has  already  become  apparent  to  treat  the  his- 
torical division  apart  from  the  others.  Again,  a  desire  to  treat  the 
science  of  geology  comprehensively  has  led  some  authors  into  in- 
cluding so  many  subjects  as  to  render  their  texts  unnecessarily 
encyclopedic  and  correspondingly  uninteresting  to  the  general 
reader.  It  is  the  author's  belief  that  there  is  a  real  need  for  a  book 
which  may  be  read  intelligently  by  the  general  public,  and  it  must 
be  recognized  that  the  beginner  in  the  subject  cannot  cover  the 
entire  field  by  a  single  course  of  readings.  The  present  work  has, 
therefore,  been  prepared  with  a  view  to  selecting  for  study  those 
dominant  geological  processes  which  are  best  illustrated  by  features 
in  northern  North  America  and  Europe.  It  is  this  desire  to  Dlus- 
trate  the  readings  by  travels  afield,  which  accounts  for  the  promi- 
nence given  to  the  subject  of  glaciation ;  for  the  larger  number  of 
colleges  and  universities  in  both  America  and  Europe  are  surrounded 
by  the  heavy  accumulations  that  have  resulted  from  former  glacia- 
tions. 

Emphasis  has  also  been  placed  upon  the  dependence  of  the  domi- 
nant geological  processes  of  any  region  upon  existing  climatic  con- 
ditions, a  fact  to  which  too  little  attention  has  generally  been  given. 
This  explains  the  rather  full  treatment  of  desert  regions,  of  which, 
in  our  own  country  particularly,  much  may  be  illustrated  upon  the 
transcontinental  railway  journeys. 

More  than  in  most  texts  the  attempt  has  here  been  made  to  teach 
directly  through  the  eye  with  the  efficient  aid  of  apt  illustrations 
intimately  interwoven  with  the  text  For  such  success  as  has  been 
reached  in  this  endeavor,  the  author  is  greatly  indebted  to  two 
students  of  the  University  of  Michigan,  —  Mr.  James  H.  Meier, 
who  has  prepared  the  line  drawings  of  landscapes,  and  Mr.  Hugh  M. 
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Pierce,  who  has  draughted  the  diagrams.  Though  credit  has  iu 
most  cases  beeu  given  where  illustrations  have  been  made  from 
another's  photographs,  yet  especial  mention  should  here  be  made 
of  the  debt  to  Dr.  H.  W.  Fairbanks  of  Berkeley,  California,  whose 
beautiful  and  instructive  photographs  are  reproduced  upon  many 
a  page. 

As  given  at  the  University  of  Michigan,  the  lectures  reflected 
in  the  present  volume  are  supplemented  by  excursions  and  by  so 
much  laboratory  practice  as  is  necessary  to  become  familiar  with  the 
more  common  minerals  and  rocks,  and  to  read  intelligently  the  usual 
topographical  and  geological  maps.  In  the  appendices  the  means 
for  carrying  out  such  studies,  in  part  with  newly  devised  apparatus, 
have  been  indicated. 

The  scope  of  the  book  precludes  the  possibility  of  furnishing  the 
reader  with  the  sources  for  the  body  of  fact  and  theory  which  is 
presented,  although  much  may  be  inferred  from  the  names  which 
appear  beneath  the  illustrations,  and  more  definite  knowledge  will 
be  found  in  the  references  to  literature  supplied  at  the  ends  of 
chapters.  A  large  amount  of  original  and  unpublished  material 
is  for  a  similar  reason  unlabeled,  and  it  has  been  left  for  the  pro- 
fessional geologist  to  detect  these  new  strands  which  have  been 

drawn  into  the  web. 

WILLIAM  HERBERT  HOBBS. 
Ann  Abbor,  Michigan, 

October  25, 1911. 
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CHAPTER  I 
THE   COMPItATION    OF   EARTH   HISTORY 

The  sources  of  the  history,  —  The  science  which  deals  with  the 
chapters  of  earth  history  that  antedate  the  earliest  human  writ- 
ings is  geology.  The  pages  of  the  record  are  the  layers  of  rock 
which  make  up  the  outer  shell  of  our  world.  Here  aa  ui  old 
manuscripts  pages  are  sometimes  found  to  be  missing,  and  on 
others  the  writing  is  largely  effaced  so  as  to  be  indistinct  or  even 
illegible.  An  intelligent  interpretation  of  this  record  requires  a 
knowledge  of  the  materials  and  the  structure  of  the  earth,  as 
well  as  a  proper  conception  of  the  agencies  which  have  caused 
change  and  so  developed  the  history.  These  agencies  in  opera- 
tion are  physical  and  chemical  processes,  and  so  the  sciences  of 
physics  and  chemistry  are  fundamental  in  any  extended  study  of 
geology.  Not  only  is  geology,  so  to  speak,  founded  upon  chemis- 
try and  physics,  but  its  field  overlaps  that  of  many  other  im- 
portant sciences.  The  earliest  earth  history  has  to  do  with  the 
form,  size,  and  physical  condition  of  a  minor  planet  in  the  solar 
ej-stem.  The  earliest  portion  of  the  story  belongs  therefore  to 
astronomy,  and  no  sharp  line  can  be  drawn  to  separate  this  chap- 
ter from  those  later  ones  which  are  more  clearly  within  the  domain 
of  geology. 

Subdivisions  of  geology.  —  The  terms  "cosmic  geology"  and 
"astronomic  geology"  have  sometimes  been  used  to  cover  the 
astronomy  of  the  earth  planet.  The  later  earth  history  develops, 
among  other  things,  the  varied  forms  of  animal  and  vegetable  life 
which  have  had  a  definite  order  of  appearance.  Their  study  is 
to  a  large  extent  zoology  and  botany,  though  here  considered 
from  an  essentially  different  \-iewpoint.  This  subdivision  of  our 
science   is  called  paleontological   geology  or  paleontology,  which 
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in  common  usage  includes  the  plant  as  well  as  the  animal  worid, 
or  what  is  sometimes  called  paleobotany.  In  order  to  fix  the 
order  of  events  in  geological  history,  these  biological  studies  are 
necessary,  for  the  pages  of  the  record  have  many  of  them  been 
misplaced  as  a  result  of  the  vicissitudes  of  earth  history,  and  the 
remains  of  life  in  the  rock  layers  supply  a  pagination  from  which 
it  is  possible  to  correctly  rearrange  the  misplaced  pages.  As  com- 
piled into  a  consecutive  history  of  the  earth  since  life  appeared 
upon  it,  we  have  the  division  of  historical  geology;  though  this 
differs  but  little  from  stratigraphical  geology,  the  emphasis  in  the 
case  of  the  former  being  placed  on  the  history  itself  and  in  the 
latter  upon  the  arrangement  of  events  —  the  pagination  of  the 
record. 

So  far  as  they  are  known  to  us,  the  materials  of  which  the 
earth  is  composed  are  minerals  grouped  into  various  characteristic 
aggregates  known  as  rocks.  Here  the  science  is  founded  upon 
mineralogy  as  well  as  chemistry,  and  a  study  of  the  rock  materials 
of  the  earth  is  designated  petrographical  geology  or  petrography. 
The  various  rocks  which  enter  into  the  composition  of  the  earth's 
outer  shell  —  the  only  portion  known  to  us  from  direct  observa- 
tion —  are  built  into  it  in  an  architecture  which,  when  carefully 
studied,  discloses  important  events  in  the  earth's  history.  The 
division  of  the  science  which  is  concerned  with  earth  architecture 
is  geotectonic  or  structural  geology. 

The  study  of  earth  features  and  their  significance.  —  The 
features  upon  the  surface  of  the  earth  have  all  their  deep  sig- 
nificance, and  if  properly  imderstood,  a  fiood  of  light  is  thrown, 
not  only  upon  present  conditions,  but  upon  many  chapters  of  the 
earth's  earlier  history.  Here  the  relation  of  our  study  to  topog- 
raphy and  geography  is  very  close,  so  that  the  lines  of  separa- 
tion are  but  ill  defined.  The  terms  ''physiographical  geology," 
"physiography,"  and  " geomorphology "  are  concerned  with  the 
configuration  of  the  earth's  surface  —  its  physiognomy  —  and  with 
the  genesis  of  its  individual  surface  features.  It  is  this  ge- 
netical  side  of  physiography  which  separates  it  from  topography 
and  lends  it  an  absorbing  interest,  though  it  causes  it  to  largely 
overlap  the  division  of  dynamical  geology  or  the  study  of 
geological  processes.  In  fact,  the  difference  between  dynamical 
geology  and  physiography  is  largely  one  of  emphasis,  the  stress 
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^iiy?  laid  upon  tbe  processes  in  the  former  and  upon  the  result- 
it  features  in  the  latter. 

Under  dji'namical  geology  are  included  important  subdivisions, 
ich  as  seismic  geology,  or  the  study  of  earthquakes,  and  vul- 
«anology,  or  the  study  of  volcanoes.  Another  large  subject, 
flacial  geology,  belongs  within  the  broad  frontier  common  to  both 
<iynamical  geology  and  physiography.  A  relatively  new  sub- 
<livision  of  geological  science  is  orientational  geology,  which  is 
concerned  with  the  trend  of  earth  features,  and  is  closely  related 
both  to  physiography  and  to  dynamical  and  structural  geology. 

TabulKT  recspitulation.  —  In  a  slightly  different  arrangement 
from  the  above  order  of  mention,  the  subdivisions  of  geology  are 
3a  follows :  — 

SubdivUiont  o/  Gtology 
^etro^apMeal  Geology.  Materials  of  the  earth. 

^JtoUclonie  GtoUtgy.  Architecture  of  the  earth's  oater 

shell. 
I>]piamieid  Gtology.  Earth  processes. 

Seismic      Geoloey  —  earthquakes. 
Ynlcanology — volcauoes.  Glacial 
Geology  —  glaciers,  etc. 
Phytiographical  Otology.  Earth     phjHiog^oomy      and     its 

[(eneaia.  -  ^ 

OrirtUational  Geology.  The  arrangement  and  the  trend 

of  earth  features. 

In  one  way  or  another  all  of  the  above  subdivisions  of  geology 
are  in  some  way  concerned  in  the  genesis  of  earth  physiognomy, 
and  they  must  therefore  be  given  consideration  in  a  work  which 
is  devoted  to  a  study  of  the  meaning  of  earth  features.  The 
compiled  record  of  the  rocks  is,  however,  something  quite  apart 
and  without  pertinence  to  the  present  work.  As  already  indicated 
ita  subdivisions  are :  — 

Attronomie  Geology.  Planetary  history  of  the  earth. 

Slatiffraphic  Gtology.  The  pagination  of  earth  records. 

UittorUal  Geology.  Tbe  oompiled  record  and  its  inter- 

pretation. 
PaieontUogieal  Gtology.  The  evolution  of  life  upon  the  earth. 

In  every  attempt  at  systematic  arrangement  difficulties  are 
encountered,  usually  because  no  one  consideration  can  be  used 
throughout  as  the  basis  of  classification.     Such  terms  as  "  eco- 
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nomic  geology  "  and  ''  mining  geology  "  have  either  a  pedagogical 
or  a  commercial  significance,  and  so  would  hardly  fit  into  the 
system  which  we  have  outlined.  { 

Geological  processes  not  universal.  —  It  is  inevitable  that  tiie 
geology  of  regions  which  are  easily  accessible  for  study  should 
have  absorbed  the  larger  measure  of  attention;  but  it  should  not 
be  forgotten  that  geology  is  concerned  with  the  history  of  the 
entire  world,  and  that  perspective  will  be  lost  and  erroneous 
conclusions  drawn  if  local  conditions  are  kept  too  often  before 
the  eyes.  To  illustrate  by  a  single  instance,  the  best  studied 
regions  of  the  globe  are  those  in  which  fairly  abundant  precipitar 
tion  in  the  form  of  rain  has  fitted  the  land  for  easy  conditions  of 
life,  and  has  thus  permitted  the  development  of  a  high  civilization. 
In  degree,  and  to  some  extent  also  in  kind,  geologic  processes 
are  markedly  different  within  those  widely  extended  regions  which, 
because  either  arid  or  cold,  have  been  but  ill  fitted  for  hmnan 
habitation.  Yet  in  the  historical  development  of  the  earth,  those 
geologic  processes  which  obtain  in  desert  or  polar  regions  are  none 
the  less  important  because  less  often  and  less  carefully  observed. 

Change,  and  not  stability,  the  order  of  nature.  —  Man  is  ever 
prone  to  emphasize  the  importance  of  apparent  facts  to  the  dis- 
advantage of  those  less  clearly  revealed  though  equally  potent. 
The  ancient  notion  of  the  terra  firman  the  safe  and  solid  ground, 
arose  because  of  its  contrast  with  the  far  more  mobile  bodies  of 
water ;  but  this  illusion  is  quickly  dispelled  with  the  sudden  quak- 
ing of  the  ground.  Experience  has  clearly  shown  that,  both  upon 
and  beneath  the  earth's  surface,  chemical  and  physical  changes 
are  going  on,  subject  to  but  little  interruption.  "  The  hills  rock- 
ribbed  and  ancient  as  the  sun  "  is  a  poetical  metaphor;  for  the 
Himalayas,  the  loftiest  mountains  upon  the  globe,  were,  to  speak 
in  geological  terms,  raised  from  the  sea  but  yesterday.  Even 
to-day  they  are  pushing  up  their  heads,  only  to  be  relentlessly 
planed  down  through  the  action  of  the  atmosphere,  of  ice,  and  of 
running  water.  Even  more  than  has  generally  been  supposed,  the 
earth  suffers  change.  Often  within  the  space  of  a  few  seconds, 
to  the  accompaniment  of  a  heavy  earthquake,  many  square  miles 
of  territory  are  bodily  uplifted,  while  neighboring  areas  may  be 
relatively  depressed.  Thus  change,  and  not  stability,  is  the  order 
of  nature. 
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Observational  geology  versus  speculative  philosophy.  —  There 
appears  to  be  a  more  or  less  prevalent  notion  that  the  views  which 
are  held  by  scientists  in  one  generation  ure  abantlonetl  by  those 
of  the  next ;  and  this  is  apt  to  lead  to  the  belief  that  little  is  really 
known  and  that  much  is  largely  guessed.  Some  ground  there 
undoubtedly  is  for  such  skepticism,  though  much  ol  it  may  be 
accounted  for  by  a  general  failure  among  scientists,  as  well  as 
others,  to  clearly  differentiate  that  which  is  essentially  speculative 
from  what  is  based  broadly  upon  observed  facts.  Even  with 
extended  observation,  the  possibility  of  explaining  the  facts  in 
more  than  one  way  is  not  excluded ;  but  the  line  is  nevertheless 
oad  one  which  separates  this  entire  field  of  observation  from 
what  is  essentially  speculative  philosophy.  To  illustrate :  the 
mechanics  of  the  action  which  goes  on  within  volcanic  craters  is 
now  fairly  well  understood  as  a  result  of  many  and  extended 
obstTVations,  and  it  is  little  likely  that  future  generations  of 
geologists  will  discredit  the  main  conclusions  which  have  been 
reached.  The  cause  of  the  rise  of  the  lava  to  the  earth's  surface 
on  the  other  hand,  much  less  clearly  demonstrated,  and  the 
\-iews  which  are  held  express  rather  the  differing  opinions  than 
any  clear  deductions  from  observation.  Again,  and  similarly,  the 
phydcal  history  of  the  great  continental  glaciers  of  the  so-called 

ice  age  "  is  far  more  thoroughly  known  than  that  of  any  existing 
glacier  of  the  same  type;  but  the  cause  of  the  climatic  changes 
which  brought  on  the  glaciation  is  atiU  largely  a  matter  for  specu- 
lation. 

In  the  present  work,  the  attempt  will  be,  so  far  as  possible,  to 
give  an  exposition  of  geolo^c  processes  and  the  earth  features 
which  result  from  them,  with  hints  only  at  those  ultimate  causes 
which  lie  hidden  in  the  background. 

The  scientific  attitude  and  temper.  —  The  student  of  science 

lould  make  it  his  aim.  not  only  clearly  to  separate  in  his  studies 
the  proximate  from  the  ultimate  causes  of  observed  phenomena, 
but  he  should  keep  his  mind  always  open  for  reaching  individual 
conclusions.  No  doctrines  should  be  accepted  finally  upon  faith 
merely,  but  subject  rather  to  hia  own  reasoning  processes.  This 
should  not  be  interpreted  to  mean  that  concerning  matters  of 

hioh  he  knows  little  or  nothing  he  should  not  pay  resi)ect  to  the 
recognised  authorities ;   but  his  acceptance  of  any  theory  should 
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be  subject  to  review  so  soon  as  his  own  horizon  has  been  sufficiently^ 
enlarged.  False  theories  could  hardly  have  endured  so  long  in  the 
past,  had  not  too  great  respect  been  given  to  authorities,  and  in- 
dividual reasoning  processes  been  held  too  long  in  subjection. 

The  value  of  the  hjrpothesis.  —  Because  all  the  facts  necessary 
for  a  full  interpretation  of  observed  phenomena  are  not  at  one's 
hand,  this  should  not  be  made  to  stand  in  the  way  of  provisional 
explanations.  If  science  is  to  advance,  the  use  of  hypothesis  is 
absolutely  essential ;  but  the  particular  hypothesis  adopted  should 
be  regarded  as  temporary  and  as  indicating  a  line  of  observation 
or  of  experimentation  which  is  to  be  followed  in  testing  it.  Thus 
regarded  with  an  open  mind,  inadequate  hypotheses  are  eventu- 
ally found  to  be  untenable,  whereas  correct  explanations  of  the 
facts  by  the  same  process  are  confirmed.  Most  hypotheses  of 
science  are  but  partially  correct,  for  we  now  "  see  through  a  glass 
darkly  " ;  but  even  so,  if  properly  tested,  the  false  elements  in  the 
hypothesis  are  one  after  the  other  eliminated  as  the  embodied 
truth  is  confirmed  and  enlarged.  Thus  "working  hypothesis" 
passes  into  theory  and  becomes  an  integral  part  of  science. 

Reading  References  for  Chapter  I 

The  most  comprehensive  of  general  geological  texts  written  in  English  is 
Chamberlin  and  Salisbury's  "Geology**  in  three  volumes  (Henry  Holt, 
1904-1906),  the  first  volume  of  which  is  devoted  exclusively  to  geological 
processes  and  their  results.  An  abridged  one-volume  edition  of  the  work 
intended  for  use  as  a  college  text  was  issued  in  1906  (College  Gtology, 
Henry  Holt).     Other  standard  texts  are :  — 

Sir  Archibald  Geikie.  Text-book  of  Geology,  4th  ed.  2  vols.  hoiDr 
don,  1902,  pp.  1472. 

W.  B.  Scott.  An  Introduction  to  Geology.  2d  ed.  Maemillan,  1907, 
pp.  816. 

J.  D.  Dana.  Manual  of  Geology.  New  edition.  American  Book  Com- 
pany, 1895,  pp.  1087. 

Joseph  LeConte.  Elements  of  Geology.  (Revised  by  Fairohild.) 
Appleton,  1905,  pp.  667. 

A  very  valuable  guide  to  the  recent  literature  of  dynamical  and  struo- 
tural  geology  is  Branner's  ''Syllabus  of  a  Course  of  Lectures  on  Elemen- 
tary Geology"  (Stanford  University,  1908). 

On  the  relation  of  geology  to  landscape,  a  number  of  interesting  books 
have  been  written :  — 

James  Geikie.  Earth  Sculpture  or  the  Origin  of  Land-Forms.  New 
York  and  London,  1896,  pp.  397. 
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Jobs  E.  Mark.     The  Scientific  Study  of  SiMnery.     Methuen,  London, 

1900.  pp,  368. 
StK  A.  nBisiB.    The  Scenery  of  Scotland.     3d  ed.      Ma<'miUan,  London, 

1901,  pp.  540. 
8ta  Joa.v  Lcbsock.     The  S«enery  ot  Switzerland  and  the  Causes  to  which 

it  is  Due.     Macmilliui.  London.  I89fj,  pp.  4S0. 

LoKD  AvEBCBT.  Thfl  Sceocry  ot  England.  Macmillao,  London,  1902, 
pp.534. 

Sis  a.  Qeieib.  Landscape  in  History,  and  Other  Essays.  Macmillfui, 
London.  1905,  pp.  352. 

N.  S.  Sbaler.     AspectHof  the  Earth.     Scribners,  New  York,  1889,  pp.  344. 

G.  DE  La  Noe  et  Eum.  db  Margerie.  Les  Pormes  du  Terrain,  Servioe 
G^ographique  de  I'Arniee.     Paris,  1888,  pp.  205,  pis,  48. 

W,  M.  Davis.  Practical  Exercises  in  Physicjtl  Geography,  with  Accom- 
panying Alias.     Oinn  and  Co.,  Boston.  1908,  pp.  148,  pis.  45, 

JobnMdih.  TheMouDtainsot  California.  Unwin,  Ixjndon,  1894,  pp.381. 
Upon  the  use  and  interpretation  of  topographic  maps  in  illustration  of 

ebaraoteristic  earth  features,  the  following  are  recommended  ;  — 

R.  D.  SALtasrRT  and  W.  W.  Atwood.  The  Taterpretation  of  Topo- 
graphic Maps,  Prof.  Pap.,  60  U.S.  Geol.  Surv.,  pp.  84.  pis.  170. 

D.  W.  Johnson  and  F.  E.  Matthes.  The  Relation  of  Geology  to 
Topt^raphy,  in  Breed  and  Hosmer's  IMneiples  and  Practice  of  Sur- 
veying, vol.  2.     Wiley,  New  York,  1908. 

O^NEnAL  Berthact.  Topologie,  Etude  du  Terrain,  Service  Q^ogra- 
phJqiie  de  I'Arm^.    PariB,  1909,  2  vols.,  pp.  330  and  674,  pig.  265. 

The  United  States  Geological  Survey  issues  free  of  charge  a  list  ot 
100  topographic  attaa  sheets  which  illustrate  the  more  important  physi- 
ographic types.  In  his  "  Tnut^  de  Geographic  Physique,"  Professor  E.  de 
Ma^tonne  has  given  at  the  end  of  each  chapter  the  important  foreign 
maps  which  illustrate  the  physiographic  typos  there  described. 

"ThePrinciplesof  Geology."  by  Sir  Charles  Ly ell,  published  first  in  three 
volumes,  appeared  in  the  years  1830-1833,  and  may  be  said  to  mark  the 
begimung  of  modern  geology.  Later  reduced  to  two  volumes,  an  eleventh 
edition  of  the  work  was  issued  in  1872  (Appleton)  and  may  he  profitably 
read  and  studied  to-day  by  all  students  of  geology.  Those  familiar  with 
the  Gennan  language  will  derive  both  pleasure  and  profit  from  a  perusal 
of  Neumayr's  "Brdgesehiehte"  (2d  ed.  revised  by  Uhlig.  Leipzig  and 
Vienna,  2  vols.,  189.5-1897),  and  especially  the  first  volume,  "AUgemeine 
Geologie."  A  recent  French  work  to  be  recommended  is  Haug's  "Traits 
de  Oeologie"  (Paris,  1907). 

Some  texts  of  physical  geography  may  well  be  consulted,  espeoiallj 
Emm.  de  Martonne's  "  Traitfi  de  G&^raphie  Physique."  Colin,  Paris, 
1909,  pp.  010,  pis.  48.  and  figs.  396. 

Note.  An  explanatory  list  of  abbreviations  used  in  the  reading  reter- 
en>%s  follows  the  List  of  Dlustrations. 
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CHAPTER  II 
THE   FIGURE   OF   THE   EARTH 

The  lithosphere  and  its  envelopes.  —  The  stony  part  of  the 
earth  is  known  as  the  lithosphere,  of  which  only  a  thin  surface 
shell  is  known  to  us  from  direct  observation.  The  relatively  un- 
known central  portion,  or  "  core,"  is  sometimes  referred  to  as  the 
centrosphere.  Inclosing  the  lithosphere  is  a  water  envelope,  the 
hydrospherey  which  comprises  the  oceans  and  inland  bodies  of 
water,  and  has  a  mass  j^^j^  that  of  the  lithosphere.  If  uniformly 
distributed,  the  hydrosphere  would  cover  the  lithosphere  to  the 
depth  of  about  two  miles,  instead  of  being  collected  in  basins  as  it 
now  is.  Though  apparently  not  continuous,  if  we  take  into  account 
the  zone  of  underground  water  upon  the  continents,  the  hydro- 
sphere may  properly  be  considered  as  a  continuous  film  about  the 
lithosphere.  It  is  a  fact  of  much  significance  that  all  the  ocean 
basins  are  connected,  so  that  the  levels  are  adjusted  to  furnish  a 
common  record  of  deposits  over  the  entire  surface  that  is  sear 
covered. 

Enveloping  the  hydrosphere  is  the  gaseous  envelope,  the  atmoa- 
phere,  with  a  mass  i^oUott  ^hat  of  the  lithosphere.  The  atmos- 
phere is  a  mixture  of  the  gases  oxygen  and  .nitrogen  in  parts  by 
volume  of  one  of  the  former  to  four  of  the  latter,  with  a  relatively 
small  percentage  of  carbon  dioxide.  Locally,  and  at  special 
seasons,  the  atmosphere  may  be  charged  with  relatively  large 
percentages  of  water  vapor ;  and  we  shall  see  that  both  the  carbon 
dioxide  and  the  vapor  contents  are  of  the  utmost  importance  in 
geological  processes  and  in  the  influence  upon  climate.  Unlike 
the  water  which  composes  the  hydrosphere,  the  gases  of  the 
atmosphere  are  compressible.  Forced  down  by  the  weight  of 
superincumbent  gas,  the  layers  of  the  atmosphere  at  the  level  of 
the  sea  sustain  a  pressure  of  about  fifteen  pounds  to  the  square 
inch ;   but  this  pressure  steadily  decreases  in  ascending  to  higher 

levels.    From  direct  instrumental  observation,  the  air  has  now 
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■nen  investigated  to  a  height  of  more  than  twelve  miles  from  the 
{earth's  surface. 

The  evolution  of  ideas  concerning  the  earth's  figure.  —  The 
(ideas  which  in  al!  ages  have  been  promulgated  concerning  the 
jfigure  of  the  earth  have  been  many  and  varied.  Though  among 
jthem  are  not  wanting  the  purely  speculative  and  fantastic,  it  will 
(he  interesting  to  pass  in  review  such  theories  as  have  grown  directly 
sout  of  observation. 

'  The  ancient  Hebrews  and  the  Babylonians  were  dwellers  of  the 
desert,  and  in  the  mountains  which  bounded  their  horizon  they 
■aw  the  confines  of  the  earth.  Pushing  at  last  westward  beyond 
the  mountains,  they  found  the  Mediterranean,  and  thus  arrived  at 
the  view  that  the  earth  was  a  disk  with  a  rim  of  mountains  which 
imts  floated  upon  water.  The  rare  but  violent  rainfalls  to  which 
Utey  were  accustomed  —  the  desert  cloudburst  —  further  led  them 
to  the  l>elief  that  the  mountain  rim  was  continued  upward  in  a 
dome  or  firmament  of  transparent  crystal  upon  which  the  heavenly 
^todies  were  hung  and  from  which  out  of  "  windows  of  heaven  " 
ethe  water  "  which  is  above  the  earth  "  was  poured  out  upon  the 
Rarth's  surface.  Fantastic  as  this  theory  may  seem  tonlay,  it 
iros  founded  upon  observation,  and  it  well  illustrates  the  dangers 
tf  reasoning  from  observation  within  too  limited  a  field. 

As  soon  as  men  began  to  sail  the  sea,  it  was  noticed  that  the 

later  surface  is  convex,  for  the  masts  of  ships  were  found  to  remain 

Ubie  long  after  their  hulls  had  disappeared  below  the  horizon. 

t  ia  difficult  to  say  how  soon  the  idea  of  the  earth's  rotundity  was 

icqutred,  but  it  is  certainly  of  great  antiquity.     The  Dominican 

Bonk  Vincentius  of  Beauvais,  in  a  work  completed  in  1244,  declared 

hat  the  surfaces  of  the  earth  and  the  sea  were  both  spherical. 

rhe  poet  Dante  made  it  clear  that  these  surfaces  were  one,  and 

b  his  famous  address  upon  "  The  Water  and  the  Land,"  which 

rss  delivered  in  Verona  on  the  20th  of  January,  1320,  he  added 

I  statement  that  the  continents  rise  higher  than  the  ocean.     His 

Dtplanation  of  this  was  that  the  continents  are  pulled  up  by  the 

ifltttraction  of  the  fixed  stars  after  the  manner  of  attraction  of 

[magnets,  thus  giving  an  early  hint  of  the  force  of  gravitation. 

The  earth's  rotundity  may  be  said  to  have  been  first  proven 

hen  Magellan's  ships  in  1521  had  accomplished  the  circumnavi- 

^tion  of  the  globe.     Circumnavigation,  soon  after  again  carried 
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out  by  Sir  Francis  Drake,  proved  that  the  earth  is  a  closed  body 
bounded  by  curving  surfaces  in  part  enveloped  by  the  oceans  and 
everywhere  by  the  atmosphere.  The  great  discovery  of  Copernicus 
in  1530  that  the  earth,  like  Venus,  Mars,  and  the  other  planets, 
revolves  about  the  sun  as  a  part  of  a  system,  left  little  room  for 
doubt  that  the  figure  of  the  earth  was  essentially  that  of  a  sphere. 

The  oblateness  of  the  earth.  —  Every  schoolboy  is  to-day  fa- 
miliar with  the  fact  that  the  earth  departs  from  a  perfect  spherical 
figure  by  being  flattened  at  the  ends  of  its  axis  of  rotation.  The 
polar  diameter  is  usually  given  as  ^iir  shorter  than  the  equatorial 
one.  This  oblateness  of  the  spheroid  was  proven  by  geodesists 
when  they  came  to  compare  the  lengths  of  measured  d^rees  of 
arc  upon  meridians  in  high  and  in  low  latitudes. 

The  oblateness  of  the  geoid  is  well  understood  from  accepted 
hypotheses  to  be  the  result  of  the  once  more  rapid  rotation  of  the 
planet  when  its  materials  were  more  plastic,  and  hence  more  re- 
sponsive to  deformation.  An  elastic  hoop  rotating  rapidly  about 
an  axis  in  its  plane  appears  to  the  eye  as  a  solid,  and  becomes 
flattened  at  the  ends  of  its  axis  in  proportion  as  the  velocity  of 
rotation  is  increased.  Like  the  earth,  the  other  planets  in  the 
solar  system  are  similarly  oblate  and  by  amounts  dependent  on  the 
relative  velocities  of  rotation. 

The  departure  of  the  geoid  from  the  spherical  surface,  owing  to 
its  oblateness,  is  so  small  that  in  the  figures  which  we  shall  use  for 
illustration  it  would  be  less  than  the  thickness  of  a  line.  Since  it 
is  well  recognized  and  not  important  in  our  present  consideration, 
we  shall  for  the  time  being  speak  of  the  figure  of  the  earth  in  terms 
of  departures  from  a  standard  spherical  surface. 

The  arrangement  of  oceans  and  continents.  —  There  are  other 
departures  from  a  spherical  surface  than  the  oblateness  just  re- 
ferred to,  and  these  departures,  while  not  large,  are  believed  to  be 
full  of  significance.  Lest  the  reader  should  gain  a  wrong  impres- 
sion of  their  magnitude,  it  may  be  well  to  introduce  a  diagram 
drawn  to  scale  and  representing  prominent  elevations  and  depres- 
sions of  the  earth  (Fig.  1). 

Wrong  impressions  concerning  the  figure  of  the  lithosphere  are 
sometimes  gained  because  its  depressions  are  obliterated  by  the 
oceans.  The  oceans  are,  indeed,  useful  to  us  in  showing  where 
the  depressions  are  located,  but  the  figure  of  the  earth  which  we 
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orrect  impresHion  of  the 
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D  the  earth's  mirf  nee  a>Di- 
pnred  to  the  earth's  isdiuH 
The  sbeU  repre»enti>d  in  li  h 
t)i  of  the  earth's  radius,  niul 
in  a  this  toae  is  moeniiied 
for  compsriaon  with  surfao' 

IDOluaJitiGB. 


are  eonsidering  is  the  naked  surface  of  the  rock.  In  a  broad  way, ' 
the  earth's  shape  will  be  given  by  the  arrangement  of  the  oceans  1 
and  the  continental.  As 
soon  as  we  take  up  the 
study  of  this  arrangement, 
we  &iid  that  quite  signifi- 
cant  facts  of  distribution 
are  disclosed. 

One  of  the  most  signih-    ^^'' 
cant  facts  involved  in  the 
distribution   of    land  anrl 
sea,  is  a  concentration  of 
the  land  areas  within  the      "' 
northern     and     the    seas      mpg 
within  the  southern  hemi- 
sphere.    The  noteworthy 
exception  is  the  occurrence 
I   of    the    great    and    high 
Antarctic    continent    cen- 
I  tcred     near     the     earth's 

I  south  pole ;  and  there  are  extensions  of  the  northern 
I  continent  as  narrowing  land  masses  to  the  southward 
I  of  the  equator.  Hardly  leas  significant  than  the  ex- 
,  istence  of  land  and  water  hemispheres  is  the  reciprocal 
or  antiiwdal  distribution  of  land  and  sea  (Fig.  2). 
I  A  third  fact  of  signifioance  is  a  dovetailing  together  of  sea  and  I 
land  along  an  east-  i 
and-west  direction. 
While  the  seas  are 
generally  A-ahaped 
and  narrow  north- 
ward, the  land  masses 
are  V-shaped  and  nar- 
row southward,  but 
this  ocatTs  mainly  in 
the  southern  hemi- 
sphere. Lastly,  there 
Fic- 2.  —  Msp  on  Murvator's  proteotion  to  show  the     -  ■     ■■      .  ■  » 

r^dp«..-J  r.l.tion  of  th.  lapd  »cd  >.n  areas  (aft.r     '«   ^"^^   md.cation  of 
Gfegory  wid  Aridtj.  a  belt  of  sea  dividing 
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the  land  masses  into  Dorthem  and  southern  portions  aloi^  the 
course  of  a  great  circle  which  makes  a  small  angle  with  the  earth's 
equator.  Thus  the  western  continent  is  nearly  divided  by  a 
mediterranean  sea,  —  the  Caribbean,  —  and  the  eastern  is  in  part 
BO  divided  by  the  separation  of  Europe  from  Africa. 

The  figure  toward  which  the  earth  is  tending.  —  Thus  far  in 
our  discussion  of  the  earth's  figure  we  have  been  guided  entirely 
by  the  present  dis- 
♦«wn;'^,,-'-^'/->'^-y~'~3'"'^^^^^^^-^^  tribution  of  land  and 

\oA/c*t  water.  There  are, 
however,  d^res- 
uoos  upon  the  sur- 
face of  the  land,  in 
some  cases  extend- 
ing below  the  level 
SI     <     /  °^  ^^^  ^®*'  wl*'*l*  "f^ 

\  *M^^^^     ?    S'  ""''  *o^*y  occuiaed 

■  by  water.    By  far 
the  most  notable  of 
these  is  the  great 
Caspian  Depression, 
Fia.  3.  — The  fonn  toward  which  the  figUTe  of  tb«  earth    which    with    its    ex- 
is  teoding,  a  tetrshedroD  with  Hymmetrically  tniDcated    tension  divides  cen- 

"°*  ^'  tral  aod  eastern  Aena 

upon  the  east  from  Africa  and  Europe  upon  the  west.  This 
depression  was  quite  recently  occupied  by  the  ses,  and  when 
added  to  the  present  ocean  basins  to  indicate  depressionB  of  the 
lithosphere,  it  shows  that  the  earth's  figure  departs  from  the 
standard  spheroid  in  the  direction  of  the  form  represented  in 
Fig.  3.  This  form  approximates  to  a  tetrahedron,  a  figure  bounded 
by  four  equal  triangular  faces,  here  with  symmetrically  truncated 
angles.  Of  all  regular  figures  with  plane  surfaces  the  tetrahedron 
has  the  smallest  volume  for  a  given  surface,  and  it  presents  more- 
over a  reciprocal  relation  of  projection  to  depression.  Every 
line  passing  through  its  center  thus  finds  the  surface  nearer  than 
the  average  distance  upon  one  side  and  correspondingly  farther 
upon  the  other  (Fig.  4). 

Astronomical  versus  geodetic  observationB.  —  Confimtation  of 
the  conclusions  arrived  at  from  the  arrangement  of  oceaos  and 
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continents  has  been  secured  in  other  fields.      It  was  pointed  out   ' 
that  the  earth's  oblatencsa  was  proven   by  comparison  of  the   ' 
measured  degrees  of  latitude  upon  the  earth's  surface  in  lower  and 
higher  latitudes,  the  degree  being  found  longer  as  the  pole  la 
approached.     Any  variation  from  the  spherical  surface  must  ob- 
viously increase  the  size  of  the  measured  degree  of  latitude  in 
proportion  to   the   departure  from    the   standard  form,  and  so 
the  tetrahedral  figure  with  one  of  its  angles  at  the  south  pole  I 
will  require  that  the  degrees 
of   latitude  be  longer  in  the 
southern  than  they  are  in  flie 
northern    hemisphere.      This 
has  been  found  by  measure- 
ment to  be  the  case,  and  tlie 
result  is  further  confirmed  by 
pendulum   studies    upon    the 
distribution  of  the  earth's  at- 
traction or  gravity.     If  less  of 
the  mass  of  the  earth  is  con- 
centrated    in     the    southern 
hemisphere,  its  attraction  as 
measured     in     vibrations     of    Fto.  4.— A  tnincated  tetrabedron,  ahowing 
the  pendulum  should  be  cor-       howthEdepreeaionupooonoBideoftheoen- 
,.       ,  ,,  teria  balantrai  by  the  opposite  projectioD. 

respondmgly  smaller. 

Other  confirmations  of  the  tetrahedral  figure  of  the  earth  have 
been  derived  from  a  comparison  of  astronomical  data,  which  assume 
the  earth  to  be  a  perfect  spheroid,  with  geodetic  measurements, 
which  are  based  upon  direct  measurements.  Thus  the  arc  meas- 
ured in  an  east-and-west  direction  across  Europe  revealed  a  differ- 
ent curvature  near  the  angle  of  the  tetrahedral  figure  from  what 
was  fouud  farther  to  the  eastward. 

Cfaanges  of  figure  during  contraction  of  a  spherical  body.  —  If 
we  inquire  why  the  earth  in  cooling  should  tend  to  approach  the 
tetrahedral  figure,  an  answer  is  easily  found.  When  formed, 
the  earth  appears  to  have  been  a  but  slightly  oblate  spheroid, 
or  practically  a  sphere  —  the  shape  which  of  all  incloses  the 
most  space  for  a  given  surface.  Cooled  and  solidified  at  the  sur- 
face to  the  temperature  of  the  surrounding  air,  and  the  core 
still  hot  and  continuing  to  lose  heat,  the  core  must  continue  to 
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^contract  though  the  outer  shell  is  no  longer  able  to  do  so.  The 
superficial  area  being  thus  maintained  constant  while  the  volume 
continues  to  diminish,  the  figure  must  change  from  the  initial  one 
of  greatest  bulk  to  others  of  smaller  volmne,  and  ultimately,  if  the 
process  should  continue  indefinitely,  to  the  tetrahedron,  which  of 
all  regular  figures  has  the  minimmn  volume  for  a  given  surface. 

That  a  contracting  sphere  does  indeed  pass  through  such  a 
series  of  changes  has  been  shown  by  the  behavior  of  contracting 
soap  bubbles  and  of  rubber  balloons,  as  well  as  by  experiments 
upon  the  exhaustion  of  air  contained  in  hollow  metal  spheres  of 
only  moderate  strength.  In  all  these  instances,  the  ultimate 
form  produced  indicates  an  indenting  of  four  sides  of  the  sphere 
which  have  the  positions  of  the  faces  of  a  tetrahedron.  The  late 
Professor  Prinz  of  Brussels  seciu'eki  some  extremely  interesting 
results  in  which  he  obtained  intermediate  forms  with  six  angles, 
but  unfortunately  these  studies  were  not  prepared  for  publication 
at  the  time  of  his  death. 

The  earth's  departure  from  the  spheroid  in  the  direction  of  the 
modified  tetrahedron  is,  as  we  have  seen,  no  hypothesis,  but  ob- 
served fact  revealed  in  (1)  the  concentration  of  the  land  about 
a  central  ocean  in  the  northern  hemisphere;  in  (2)  the  antipodal 
relation  of  the  land  to  the  water  areas,  and  in  (3)  the  threefold 
subdivision  of  the  surface  into  north  and  south  belts  by  the  two 
greater  oceans  and  the  Caspian  Depression. 

The  earlier  figures  of  the  earth.  —  The  manner  in  which  conti- 
nent and  ocean  are  dovetailed  into  each  other  in  an  east-and-west 
direction  has  been  generally  adduced  as  additional  evidence  for 
the  tetrahedral  figure  as  above  described.  Closer  examination 
shows  that  instead  of  being  in  harmony  with  this  figure,  it  indi- 
cates a  departure  from  it,  and,  as  we  shall  see,  a  significant  depar- 
ture which  undoubtedly  has  its  origin  in  the  earlier  history  of 
the  planet.  The  mediterranean  seas  of  both  the  eastern  and  the 
western  hemispheres  likewise  interfere  with  the  perfection  of  the 
tetrahedral  figure  and  require  an  explanation. 

Let  us  then  examine  in  outline  the  past  history  of  the  world 
with  reference  especially  to  the  evolution  of  the  continents  and 
to  the  times  and  the  manners  of  surface  change.  It  is  now  well 
known  that  there  have  been  three  major  periods  of  great  deforma- 
tion of  the  earth's  shell.     The  first  of  these  of  which  we  have 
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record  came  at  the  end  of  the  first  great  era  of  geologic  history,  I 
the  so-called  Eozoic  era ;  a  second  great  transformation  came  al. 
the  close  of  the  second  or  Paleozoic  era ;  and  a  third  began  at  the  I 
end  of  the  next  or  Mesozoic  era,  an  adjustment  which  is  apparently  1 
continuing  to-day.  Each  of  these  great  surface  deformations  was  I 
accompanied  by  great  volcanic  eruptions  of  which  we  have  the  I 
evidence  in  the  lavas  remaining  for  our  inspection,  and  each  waaj 
followed  by  the  formation  of  great  glaciers  which  spread  oveu 
large  areas  of  the  existing  continents. 

Before  the  earliest  of  these  great  changes,  the  earth  appears  to  I 
have  approximated  in  its  figure  somewhat  closely  to  the  ideal  1 
spheroid,  for  it  was  everywhere  enveloped  in  the  hydrosphere  as  a  | 
universal  ocean.  Toward  the  close  of  this  period  came  the  adjust-  I 
ments  which  brought  the  lithosphere  to  protrude  through  the  I 
hydrosphere  in  shield-like  continents  whose  distribution,  as  shown  I 
by  the  rocks  of  this  period,  is  of  great  significance.  Within  the  I 
northern  hemisphere  rose  three  land  shields  spaced  at  nearly  I 
equal  intervals  and  at  nearly  equal  distances  from  the  northern  I 
pole.  One  of  these  was  centered  where  now  is  Hudson  Bay,  [ 
another  about  the  present  Baltic  Sea,  and  the  relics  of  the  third  ] 
are  found  in  northeastern  Siberia,  These  earliest  continenta  I 
have  been  referred  to  as  the  Laurentian,  Baltic,  and  Angara  shields.  J 
Within  the  southern  hemisphere  shields  appear  to  have  developed  1 


in  somewhat  similar  grouping,  namely,  in  South  America,  in  South  J 
Africa,  and  in  Australia  (Figs.  3  and  5). 

These  coigns  or  angles  of  a  form  into  which  the  earlier  spheroid  I 
of  the  earth  was  being  transformed  have  persisted  through  the  I 
greater  part  of  subsequent  geologic  time,  and  have  been  enlarged  J 
by  the  growth  of  sediments  about  them  as  well  as  by  the  later  J 
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elevation  and  wrinkling  of  these  deposits  into  marginal  mountain 
ranges. 

The  continents  and  oceans  which  arose  at  the  close  of  the 
Paleozoic  era.  —  At  the  close  of  the  second  great  era  in  the  recorded 
history  of  the  earth,  the  now  somewhat  enlarged  continents  were 
profoundly  altered  dtiring  a  series  of  convulsive  movements  within 
the  surface  shell  of  the  lithosphere.  When  these  convulsions  were 
over,  there  was  a  new  disposition  of  land  and  sea,  but  one  quite 
different  from  the  present  arrangement.  Instead  of  being  ex- 
tended in  north-south  belte,  as  they  are  at  present,  the  cont'ments 
stretched  out  in  broad  east-west  zones,  one  in  the  northern  and 
the  other  in  the  southern  hemisphere.  To  the  broad  southern 
continent  of  which  so  little  now  remains,  the  name  "  Gondwana 
Land  "  has  been  given,  and  to  the  sea  which  divided  the  northern 
from  the  southern  continent  the  name  "Ocean  of  Tcthya."  The 
northern  continent  stretched  across  the  site  of  the  present  Atlantic 
Ocean  as  the  "  North  Atlantis,"  its  northern  shore  to  the  west- 
ward being  somewhat  farther  south  than  the  present  northern 
coast  of  North  America,  since  life  forms  migrated  in  the  north- 
ern ocean  from  the  site  of  Behring  Sea  to  that  of  the  present 
North  Atlantic. 

This  arrangement  of  land  and  water  during  the  middle  period 
of  the  earth's  recorded  history,  when  considered  with  reference 
both  to  its  earlier  and  to  its  later  evolution,  may  perhaps  be  best 
accounted  for  by  the  assumption  that  the  lithosphere  was  then 
shaped  like  Fig.  5  (middle).  In  this  figure  two  truncated  tetra- 
hedrons are  joined  in  a  common  plane  of  contact  which  may  be 
described  as  the  twin  plane.  This  medial  depression  upon  the 
lithosphere  was  occupied  by  the  Intercontinental  sea,  the  Ocean  of 
Tethys. 

Near  the  close  of  this  second  great  era  of  the  earth's  conti- 
nental history,  crustal  convulsions,  which  were  perhaps  the  most 
remarkable  in  the  entire  record,  resulted  in  the  almost  complete 
disappearance  of  the  southern  continent  and  a  concentration  of 
the  land  within  the  northern  hemisphere  aa  a  somewhat  inter- 
rupted belt  surrounding  a  central  polar  ocean  (Figs.  3  and  5). 

Upon  the  assumption  of  twin  tetrahedrons  in  the  intermediate 
era  of  continental  evolution,  both  the  Ocean  of  Tethya  of  that 
time  and  its  present  remnants,  the  Caribbean  and  Mediterranean 
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eas,  Eire  accounted  for.  The  V-shaped  continent  extensions 
tad  the  A-shaped  oceans  of  the  southern  hemisphere  (Fig,  2)  may 
ikewise  be  considered  as  relics  of  the  now  largely  submerged  tet- 
phedroD  of  the  southern  hemisphere,  since  this  had  its  apex  to  the 
^hward  (Fig.  6), 
I'  Thus  we  see  that  the  lithosphere  can  scarcely  be  regarded  aa  a 

Eberfect  spheroid,  since  in  the  course  of  geologic  ages  it  has  under- 
■one  successive  de- 
partures from  this 
gioal  form.  In 
present  state  it 
s  been  described 
Etetrahedral, 
ough  we  must 
^ieep  in  mind  that 
^e  sharp  angles 
tf  that  figure  are 
deeply  truncated, 
^he  soundings 
fcrst  by  Nansen 
jknd  more  recently 
Peary  in  the 
rtic  basin,  far  ^^-  ^■ 
D  the  north  of  the 
pntinental      bor- 

.   showed  that   this  depression  is  characterized  by  profound 
^ths,  and  so  have  afforded  confirmation  of  the  tetrahedral  fig- 
To  match  this  depression  at  the  northern  extremity  of  the 
rth's  axis,  a  high  continent  reaching  to  elevations  in  excess  of 
D,000  feet  has  been  penetrated  by  Sir  Ernest  Shackleton  at  the 
pposite  extremity  of  this  polar  diameter.     Considering  its  size 
1  its  elevation,  the  Antarctic  continent  with  its  glacier  mantle 
jl  the  largest  protuberance  upon  the  surface  of  the  lithosphere. 
'  In  our  study  of  the  departures  of  the  earth  from  the  standard 
|>beroidal  surface,  we  might  even  go  a  step  farther  and  show  how 
e  tetrahedron,  which  best  represents  the  symmetry  of  the  present 
;ure,  is  somewhat  deformed  by  a  Battening  perpendicular  to  the 
icifie  Ocean.     To  draw  attention  to  this  flattening  of  the  earth, 
I  has  sometimes  been  described  aa  "  potato-shaped,"  since  the 


/iefVO//»ms 

DiaBrams  for  Pompariaon  of  Autre  linefl  upon 
tetrahedrons  which  have  an  aogle,  the  Gnt  at  tbu  south 
id  the  second  at  the  north. 
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outline  perpendicular  to  this  face  is  imperfectly  heart^baped  at 
like  a  flattened  "  peg  top," 

The  flooded  portions  of  the  present  continents.  —  We  are  accus- 
tomed to  think  of  the  continents  as  ending  at  the  ehores  of  the 
oceans.  If,  however,  we 
are  to  regard  tbem  as 
platforms  which  rise 
from  the  ocean  depres- 
sions, their  margins 
should  be  considerably 
extended,  for  a  sub- 
merged shelf  now  prac- 
tically surrounds  all  the 
continents  to  a  nearly 
uniform  depth  of  100 
fathoms  or  600  feet. 
The  oceans  thus  more  than  fill  their  basins  and  may  be  thought  of 
as  spilling  over  upon  the  continents.  In  Fig.  7,  the  submerged  por- 
tions of  the  continents  have  been  joined  to  those  usually  represented, 
thus  adding  about  10,000,000  square  miles  to  their  area,  and  giving 
them  one  third,  instead  of  one  fourth,  of  the  lithospbere  surface. 

The  floors  of  the  hydrosphere  and  atmosphere.  —  The  highest 
altitudes  upon  the  continents  and  the  profoundest  deeps  of  the 


Fio.  8.  —  Diagnun  t 


ocean  are  each  removed  about  30,000  feet,  or  nearly  6  miles, 
from  the  level  of  the  sea.  In  comparison  with  the  entire  surface 
of  the  litbosphere,  these  extremes  of  elevation  represent  such 
small  areas  as  to  be  almost  inappreciable.    Only  about  y^  of  the 
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lere  surface  rises  more  than  6000  feet  above  sea  level, 
it  the  game  proportion  lies  deeper  than  18,000  feet  below 
le  datum  plane  (Fig.  8).  Almost  the  entire  area  of  the 
tbtisphere  is  included  either  in  the  so-called  continental  plateau 
or  platform,  in  the  oceanic  platform,  or  in  the  slope  which  separates 
the  two.  The  continental  platform  includes  the  continental  shelf 
above  referred  to,  and  represents  about  one  third  of  the  entire 
area  of  the  planet.  This  platform  has  a  range  of  elevation  from 
6000  feet  above  to  600  feet  below  sea  level  and  has  an  average 
altitude  of  alx)ut  2300  feet.  The  oceanic  platform  slopes  more 
steeply,  ranges  in  depth  from  12,000  to  18,000  feet  below  sea  level, 
and  comprises  about  one  half  the  lithospbere  surface.  The 
remaining  portion  of  the  surface,  something  less  than  one  eighth 
of  ail,  is  included  in  the  steep  slopes  between  the  two  platforms, 
between  600  and  12,000  feet  below  sea.  The  two  platforms  and 
the  slope  between  them  must  not,  however,  be  thought  of  as 
continuous  features  upon  the  surface,  but  merely  as  representing 
the  average  elevations  of  portions  of  the  lithosphere. 

Reading  Referbnces  for  Chapter  11 
On  the  evolution  of  ide&s  conceroing  the  earth's  figure :  ~ 
Scii»3.    The  Pace  of  the  Earth  (Clarendon  Press,  1906],  vol.  2.  Chapter  1, 
V.  ZiiTEi..      History  of  Oeology  and  Paleontology  (Walter  Scott,  Lon- 
don. 1901),  Chapters  1-2. 
The  departure  of  the  spheroid  toward  the  tetrahedron  :  — 
W.  LowthianOrebn.  Vestigesof  IheMoltenGlobe,  Pwt  1.  London,  1875, 

(Now  a  rare  work,  but  it  containB  the  original  atatemenl  of  the  idea.) 
J.  W.  QaEGORT.    The  Plan  of  the  Earth  and  Its  Causes.  Geogr.  Jour., 

vol.  13,  1S99,  pp.  225-251  (the  best  general  statement  of  the  argu- 

iiientB  for  a  t«trahedral  form). 
W.  Peisz.    L'£chelle  reduite  des  experiences  gfologiquea,  Bull.  Soc.  Bolga 

d'AstroDomie,  1899. 
B.  K.  BuER»oN.     The  Tetrahedral  Earth  and  Zone  of  the  Intereonti- "■ 

nental  Seas,  Bull.  Geol.  Soc.  Am.,  vol.  11.  MK,  p])~.  61-106,  pis.  9-14. 
M.  P.  BtrpSKi.     Pbysik  der  Erde  (Tauchnitz,  Leipzig.  1911),  Chapters 

1-3  (the  best  discussion  of  the  geoid  from  the  purely  tiutbematical 

standpoint,  so  far  as  the  spheroid  is  ooacerned). 
The  earlier  6gures  of  the  earth :  — 
Tb.  Arlut.    DieEntwieklungder  Kontinente  undihrer  Lebewelt.    Engel- 

mfttin,  Leipzig.  1907.     (Contains  a  valuable  aenes  of  map  plates, 

showing  the  probable  boundaries  of  the  continents  in  the  different  1 

geologieal  periods). 
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CHAPTER  III 
THE  NATURE  OF  THE  MATERIALS  IN  THE  LITHOSPHSRB 

The  rigid  quality  of  our  planet.  —  For  a  long  time  it  was  sup- 
posed that  the  solid  earth  constituted  a  crust  only  which  was 
floated  upon  a  liquid  interior.  This  notion  was  clearly  an  out- 
growth of  the  then  generally  accepted  Laplacian  h3rpothesis  of 
the  origin  of  the  universe,  which  assumed  fluid  interiors  for  the 
planets,  the  crust  being  suggested  by  the  winter  crust  of  froren 
water  upon  the  surface  of  our  inland  lakes.  To-day  the  nebular 
hypothesis  in  the  Laplacian  form  is  fast  giving  place  to  quite 
different  conceptions,  in  which  solid  particles,  and  not  gaseous 
ones,  are  conceived  to  have  built  up  the  lithosphere.  The  analogy 
with  frozen  water  has  likewise  been  abandoned  with  the  discovery 
that  frozen  rock,  instead  of  floating,  sinks  in  its  molten  equivalent. 

Yet  even  more  cogent  arguments  have  been  brought  forward 
to  show  that  whatever  may  be  the  state  of  aggregation  within  the 
earth^s  core  —  and  it  may  be  different  from  any  now  known  to 
us  —  it  nevertheless  has  many  of  the  properties  recognized  as 
belonging  to  solid  and  rigid  bodies.  Provisionally,  therefore,  we 
may  regard  the  earth's  core  as  rigid  and  essentially  solid.  It  was 
long  ago  pointed  out  by  the  late  Lord  Kelvin  that  if  our  litho- 
sphere were  not  more  rigid  than  a  ball  of  glass  of  the  same  size,  it 
would  be  constantly  passing  through  periodic  six-hourly  distortions 
of  great  amplitude  in  response  to  the  varjdng  attractions  of  the 
moon.  An  equally  striking  argument  emanating  from  the  same 
high  authority  is  furnished  by  the  well-known  egg-spinning  demon- 
stration. For  illustration,  Kelvin  was  accustomed  to  take  two 
eggs,  one  boiled  and  the  other  raw,  and  attempt  to  spin  them 
upon  their  ends.  For  the  boiled,  and  essentially  solid,  egg  this  is 
easily  accomplished,  but  internal  friction  of  the  liquid  contents  of 
the  raw  egg  quickly  stops  any  rotary  motion  which  is  imparted  to 
it.  Upon  the  same  grounds  it  is  argued  that  had  the  earth's 
interior  possessed  the  properties  of  a  liquid,  rotation  must  long 

since  have  ceased. 
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A  stronger  proof  of  earth  rigidity  than  either  of  these  has  been  j 
lately  furnished  by  the  instroinental  study  of  earthquakes.     With  j 
the  delicate  apparatus  which  is  now  installed  for  the  purpose, 
hea\7  earthquakes  may  be  sensed  which  have  occurred  anywhere 
BpoQ  the  earth's  surface,  the  earth  movement  sending  its  own  j 
message  by  the  shortest  route  through  the  core  of  the  earth  to  the 
obseiring  station.     A  heavy  shock  which  occurs  in  New  Zealand  | 
is  recorded  in  England,  almost  diametrically  opposite,  in  alx>ut  j 
twenty-one   minutes   after   its   occurrence.     The   laws   of   wave 
propagation  and  their  relation  to  the  properties  of  the  transmitting 
medium  are  well  known,  and  in  order  to  explain  such  extraordinary 
Telocity  it  is  necessary  to  assume  that  for  such  Impulsea  the  earth's 
interior  is  much  more  rigid  than  the  finest  tool  steel. 

Probable  composition  of  the  earth's  core.  —  In  deriving  views  I 
concerning  the  nature  of  the  earth's  interior  we  are  greatly  aided 
by  astronomical  studies.  The  common  origin  long  ago  indicated 
for  the  planets  of  the  solar  system  and  the  aun  has  been  confirmed 
by  the  analysis  of  light  with  the  aid  of  the  spectroscope.  It  has 
thus  been  found  that  the  same  chemical  elements  which  we  find  in 
the  earth  are  present  also  in  the  sun  and  in  the  other  stellar  bodies. 
Again,  the  group  of  planets  of  the  solar  system  which  are  nearest 
to  the  sun  ^  Mercury,  Venus,  the  Earth,  and  Mars  —  have  each 
a  high  density,  all  except  Mara,  the  most  distant,  having  specific 
gravities  very  closely  o^,  that  of  Mars  being  about  4.  This 
svers^  specific  gravity  is  also  that  of  the  solid  bodies,  the  so-called 
meteorites,  which  reach  the  surface  of  our  planet  from  the  sur- 
rounding space.  Yet  though  the  earth  as  a  whole  is  thus  found 
to  have  a  specific  gravity  five  and  a  half  times  that  of  water,  its  ■ 
surface  shell  has  an  average  density  of  less  than  half  this  value, 
or  2.7.  ' 

The  study  of  meteorites  has  given  us  a  possible  clew  to  the 
nature  of  the  earth's  interior;  for  when  both  terrestrial  and 
celestial  rock  types  are  classified  and  placed  in  orderly  arrange- 
ment, it  is  found  that  the  chemical  elements  which  compose  the 
two  groups  are  identical,  and  that  these  are  united  according  to 
the  same  physical  and  chemical  laws.  No  new  element  has  been 
discovered  in  the  one  group  that  has  not  been  found  in  the  other, 
imd  though  some  compounds  of  these  elements,  the  minerals,  oc- 
cur in  the  earth's  crust  that  have  not  been  found  in  meteorites, 
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and  though  some  occur  in  meteorites  which  are  not  known  from 
the  earth,  yet  of  those  which  are  common  to  both  bodies  there  is 
agreement,  even  to  the  minor  details  (Fig.  9).  It  is  found,  how- 
ever, that  the  commonest  of  the  nunerals  in  the  earth's  shell  are 
absent  from  meteorites,  as  the  commoner  constituents  of  meteoi^ 
ites  are  wanting  in  the  earth's  crust.  This  observation  would  gtt 
far  to  show  that  we  may  in  the  two  cases  be  examining  different 


Mbreanfea  an^ rarer  T&rrea/rm/  /^xAa. 

Flo,  9.  —  Diagriun  to  show  how  terrestrial  roi-ks  eradD  into  those  o(  Ihe  ineteorit£& 
l.o^Sgfia:  2,  silica  □  :  3,  aluminium  :  4.  alkali  metals:  S.  alb  aline  earlb  melati: 
6,  iron,  nickel,  eohalt.  etc.  ;  a,  gmnitcB  and  rhyolites;  6,  sj-enitea  and  tracbytce: 
c.  dlDritta  and  ondcsites:  d.  RBbbroa  and  basalts:  e,  ultra-banc  rocks:  /.  basic 
iDcloaures  in  basalt,  etc. ;  o.  irou  ba^aalta  of  west  Greenland :  h.  iron  niBaBe*  of 
Ovifsk.  wo«  Grecnlrmd  ;  a'-d',  meteorites  io  order  of  density  {after  Judd). 

portions  of  quite  similar  bodies ;  and  this  view  is  strikingly  con- 
firmed when  the  rocks  of  the  two  groups  are  arranged  in  the  order 
of  their  densities  (Fig.  9). 

In  a  broad  way,  density,  structure,  and  chemical  composition 
are  all  similarly  involved  in  the  gradations  illustrated  by  the 
diagram ;  and  it  is  significant  that  while  there  are  terrestrial  rocks 
not  repreaented  by  meteorites,  the  densest  and  the  most  unusual 
of  the  terrestrial  rocks  are  chemically  almost  identical  with  the 
less  dense  of  the  celestial  bodies. 
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The   earth   a   magnet. — The  denser,   and  likewise  the  morel 
sonimon,  of  the  meteorite  rocks  —  the  so-called  meteoric  irons  —  I 
are  composed  almost  entirely  of  the  elements  iron,  nickel,  and   ] 
oobalt.     Such  aggregates  are  not  known  as  yet  from  terrestrial   j 
sources,   although   transitional   types  appear  to  exist  upon   the   1 
island  of  Disco  off  the  west  eoast  of  Greenland.     If  it  were  pos- 
sible to  explore  the  earth's  interior,  would  such  combinations  of   I 
the   iron  minerals  be  encountered?    Apart  from  the  surprising    I 
velocity  of  transmission  of  earthquake  waves,  the  strongest  argu- 
ment for  an  iron  core  to  the  lithosphere  is  found  in  the  magnetic 
property  of  the  earth  as  a  whole.     The  only  magnetic  elements    , 
known  to  us  are  those  of  the  heavy  meteorites  — iron,  nickel,    i 
and  cobalt,  —  and  the  earth  is,  as  we  know,  a  great  magnet  whose 
northern  pole  in  Briti-sh  America  and  whose  southern   pole  in 
Antarctica  have  at  last  been  visited  by  Amundsen  and  David, 
respectively.     The  specific  gravity  of  iron  is  7.15,  and  those  of 
nickel  and  cobalt,  which  in  the  meteorites  are  present  in  relatively 
Bmall  amounts,  are  7.8  and  7.5.  respectively.     Considering  that 
the  surface  shell  of  the  earth  has  a  specific  gravity  of  2.7,  these 
values  must  be  regarded  as  agreeing  well  with  the  determined 
density  of  the  earth  (S.6)  and  the  other  planets  of  its  group  (Mer-    | 
cury  5.7,  Venus  5.4,  Mars  4).  j 

The  chemical  constitution  of  the  earth's  surface  shell,  —  The 
number  of  the  so-called  chemical  elements  which  enter  into  the 
earth's  composition  is  more  than  eighty,  but  few  of  these  figure 
as  important  constituents  of  the  portion  known  to  us.  Nearly 
one  half  of  the  mass  of  this  shell  is  oxygen,  and  more  than  a  quarter 
is  silicon.  The  remaining  quarter  is  largely  made  up  of  aluminium, 
iron,  calcium,  magnesium,  and  the  alkalies  sodium  and  potassium, 
in  the  order  named.  These  eight  constituent  elements  are  thus  i 
the  only  ones  which  play  any  important  r6le  in  the  composition  | 
of  the  earth's  surface  shell.  They  are  not  found  there  in  the  free 
condition,  but  combined  in  the  definite  proportions  characteristic 
of  chemical  compounds,  and  as  such  they  are  known  as  minerala. 
The  essential  nature  of  crystals,  —  k  crystal  we  are  accus- 
tomed to  think  of  as  something  transparent  bounded  by  sharp 
edges  and  angles,  our  ideas  having  been  obtained  largely  from  the 
gem  minerals.  This  outward  symmetry  of  form  is,  however,  but 
an  expression  of  a  power  which  resides,  so  to  speak,  in  the  heart  j 
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or  soul  of  the  crystal  individual  —  it  has  its  own  structural  make- 
up, its  individuality.  No  more  correct  estimates  of  the  compari- 
son of  crystal  individualities  would  be  obtained  by  the  study  of 
outward  forms  alone  of  two  minerals  than  would  be  gained  by  a 
judgment  of  persons  from  the  cut  of  their  clothing.  Too  often 
this  outward  dress  tells  only  of  the  conditions  by  which  both  men 
and  crystals  have  been  surrounded,  and  but  little  of  the  power 
inherent  in  the  individual.  Many  a  battered  mineral  fragment 
with  little  beauty  to  recommend  it,  when  placed  under  suitable 
conditions  for  its  development,  has  grown  into  a  marvel  of  beauty. 
Few  minerals  are  so  mean  that  they  have  not  within  them  this 
inherent  power  of  individuality  which  lifts  them  above  the  world 
of  the  amorphous  and  shapeless. 


Just  as  the  real  nature  of  a 

Crystal  (Qtmrtm)     AmtorphousSvbatatwf 

raiasaj 


Expiinsion  by  heat 


person  is  first  disclosed  by  his 
behavior  under  trying  circum- 
stances, so  of  a  cryBtal  it  is  its 
conduct  under  stress  of  one  sort 
or  another  which  brings  out 
its  real  character.  By  way  of 
illustration  let  us  prepare  a 
sphere  from  the  mineral  quarts 
—  it  matters  not  whether  we 
destroy  the  beautiful  outlines  of 
the  crystal  or  employ  a  bat- 
tered fragment  —  and  then  pre- 
pare a  sphere  of  similar  size  and 
shape  from  a  noncrystalline  or 
amorphous  substance  like  glass. 
If  now  these  two  spheres  be  in- 
troduced into  a  bath  of  oil  and 
raised  to  a  higher  temperature, 
the  glass  globe  undergoes  an 
Fia.  10.— Comparison  of  a  crystaUine  enlargement  without  change  of 

with  an  amorphous  substance  when  ex-    its  form ;    but  the  crystal    ball 

pandod  by  heat  and  when  attecked  by  reveals  its  individuaUty  by  ex- 

panding  into  a  spheroid  in 
which  each  new  dimension  is  nicely  adjusted  to  this  more  complex 
figure  (Fig.  10). 

We  may,  instead  of  submitting  the  two  balls  to  the  "  trial  by 


Action  of  an  add 
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fire."  allow  each  to  be  attacked  by  the  powerful  reagDnt,  hydro- 
fluoric acid.     The  common  glass  under  the  attack  of  the  acid 
remaius  as  it  was  before,  a  sphere,  but  with  shrunken  dimensions. 
The  crystal,  on  the  other  hand,  is  able  to  control  the  action  of  the 
solvent,  and  in  so  doing  its  individuality  is  again  re\ealed  in 
beautifully  etched  hgure  having  many  curvii^  outlines  —  it  la  a 
though  the  crystal  had  possessed  a  soul  which  under  this  trial  has 
been  revealed.     This  glimpse  into  the  nature  of  the  crj%tal   so  a 
to  reveal  its  structural  beauty,  is  still  more  surpri  ing  when  the 
crystal  is  taken  from  the  acid  in  the 
early  stages  of  the  action  and  held 
close  beneath  the  eye.     Now  the  lit 
tie  etchings  upon  the  surface  dispt  ly 
«ach  the  individuality  of  the   sub 
stance,  and  joining  with  their  neigh 
bors   they  send   out   a   beautifully 
symmetrical  and  entirely  character 
istic  picture  (Fig.  11). 

The  lichosphere  a  complex  of 
interlocking  crystals.  —  To  the  1  ij 
man  the  crystal  is  something  rare  ?,„  j 
and  expensive,  to  be  obtained  from 
a  jeweler  or  to  be  seen  displayed  in 
the  show  cases  of  the  great  muse- 
ums. Yet  the  one  most  striking  quality  of  the  lithosphere  which 
separates  it  from  the  hydrosphere  and  the  atmosphere  is  its  crys- 
talline structure,  — a  structure  belonging  also  to  the  meteorite,  and 
witi  little  doubt  to  all  the  planets  of  the  earth  group.  A  snowflake 
caught  during  its  fall  from  the  sky  reveals  all  the  delicate  tracery 
of  crystal  boundary;  collected  from  a  thick  layer  lying  upon  the 
jjound,  it  appears  as  an  intricate  aggregate  of  broken  fragments 
more  or  less  firmly  cemented  together-  And  so  it  is  of  the  litho- 
sphere, for  the  myriads  of  individuals  are  either  the  ruins  of  former 
crystals,  or  they  are  grown  together  in  such  a  manner  that  crystal 
facets  had  no  opportunity  to  develop. 

Such  mineral  individuals  as  once  possessed  the  crystal  form  may 
have  been  broken  and  their  surfaces  ground  away  by  mutual  attri- 
tion under  the  rhythmic  beating  of  the  waves  upon  a  shore  or  in 
the  continuous  rolling  of  pebbles  on  a  stream  bed,  until  as  bat- 


L  Rht  Ggure    seen  u 
n  rccbeil  surface  of  a  crystal  of   1 
catcite    (aftor    Goldachniidt    and 
Wright). 
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tered  relics  they  are  piled  away  together  in  a  bed  of  sand.  Yet 
□o  amount  of  sucb  rough  handling  is  suffident  to  destroy  the  crys* 
tal  individuality,  and  if  they  are  now  surrounded  with  conditions 
which  are  suitable  for  their  growth,  their  individual  nature  again 
becomes  revealed  in  new  crystal  outlines.  Many  of  our  sand- 
stones when  turned  in  the  bright  sunlight  send  out  flashes  of  light 
to  rival  a  bank  of  snow  in  early  spring.  These  bright  flashes 
proceed  from  the  facets  of  minute  crystals  formed  about  each 
rounded  grain  of  the  sand,  and  if  we  examine  them  under  a  lens, 
we  may  note  the  beauty  of  line  formed  with  such  exactness  that 
the  most  delicate  instruments  can  detect  no  difference  between 
the  similar  angles  of  neighboring  crystals  (Fig.  12). 


Flo.  12.  —  Battered  aand  grains  which  have  taken  on  a  nen  lease  of  life  and  hare 
deveJoped  a  crystal  form.  □,  a  single  graia  growa  into  an  individual  cryatal;  b, 
a  parallel  growth  about  a  single  grain  ;  c,  gronth  of  neiehboring  gtaiiia  until  tbey 
bave  mutually  interfered  and  go  destroyed  the  crystal  facets —  the  comtooD  con- 
dition within  the  mass  of  a  rock  (after  Irving  and  Van  Hise). 

Thb  individual  nature  of  the  crystal  is  believed  to  reside  in  a 
symmetrical  grouping  of  the  chemical  molecules  of  the  substance 
into  larger  and  so-called  "  crystal  molecules."  The  crystal  quality 
belongs  to  the  chemical  elements  and  to  their  compounds  in  the 
solid  condition,  but  not  to  ordinary  mixtures  of  them. 

Some  properties  of  natural  crystals,  minerals.  —  No  two  mineral 
species  appear  in  crystals  of  the  same  appearance,  any  more 
than  two  animal  species  have  been  given  the  same  form ;  and  so 
minerals  may  be  recognized  by  the  individual  peculiarities  of  their 
crystals.  Yet  for  the  reason  that  crystals  have  so  generally  been 
prevented  from  developing  or  retaining  their  characteristic  faces, 
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in  the  vast  number  of  instances  it  is  the  behavior,  and  not  the 
appearance,  of  the  mineral  substance  which  is  made  use  of  for  iden- 
tification. 

When  a  mineral  is  broken  under  the  blow  of  a  hammer,  in- 
stead of  yielding  an  irregular  fracture,  like  that  of  glass,  it  generally 
ten(b  to  part  along  one  or  more  directions  so  as  to  leave  plane 
surfaces.  This  property  of  cleavage  is  strikingly  illustrated  for 
a  single  direction  in  the  mineral  mica,  for  two  directions  in  feld-. 
spar,  and  tor  three  directions  in  calcite  or  Iceland  spar.  Other 
properties  of  minerals,  such  as  hardness,  specific  gravity,  luster, 
color,  fusibility,  etc.,  are  ail  made  use  of  in  rough  determinations 
of  the  minerals.  Far  more  delicate  methods  depend  upon  the 
behavior  of  minerals  when  observed  in  polarized  light,  and  such 
behavior  is  the  basis  of  those  branches  of  geological  science  known 
as  optical  mineralogy  and  as  microscopical  petrography.  An  out- 
line description  of  some  of  the  common  minerals  and  the  means 
for  identifying  them  will  be  found  in  appendix  A. 

The  alterations  of  minerals.  —  By  far  the  larger  number  of 
minerals  have  been  formed  in  the  cooling  and  consequent  con- 
solidation of  molten  rock  material  such  as  during  a  volcanic  erup- 
tion reaches  the  earth's  surface  as  lava.  Beginning  their  growth 
at  many  points  within  the  viscous  mass,  the  individual  crystals 
eventually  may  grow  together  and  so  prevent  a  development  at', 
their  crystal  faces. 

Another  class  of  minerals  are  deposited  from  solution  in  wat«p 
within  the  cavities  and  fissures  of  the  rocks ;  and  if  this  process 
ceases  before  the  cavities  have  been  completely  closed,  the  minerals 
are  found  projecting  from  the  walls  in  a  beautiful  lining  of  crys- 
tal—  the  KrystallkdleT  or  "crystal  cellar."  It  is  from  such 
pockets  or  veins  within  the  rocks  that  the  valuable  ores  are  ob- 
tained, as  are  the  crystals  which  are  displayed  in  our  mineral 
cabinets. 

There  is,  however,  a  third  process  by  which  minerals  are  formed, 
and  minerals  of  this  class  are  produced  within  the  solid  rock  as 
a  product  of  the  alteration  of  pre&dsting  minerals.  Under  the 
enormous  pressures  of  the  rocks  deep  below  the  earth's  surface, 
they  are  as  permeable  to  the  percolating  waters  as  is  a  sponge 
at  the  surface.  Under  these  conditions  certain  minerals  are 
I  and  their  material  redepodted   after  traveling  in  the 


I 
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solution,  or  solution  and  redepoaition  of  mineral  matter  may  go 
on  together  within  the  mass  of  the  same  rock.  One  new  mineral 
may  have  been  produced  from  the  dissolved  materials  of  s,  num- 
ber of  earlier  species,  or  several  new  minerals  may 
be  the  result  of  the  alteration  of  a  preexisting  min- 
eral with  a  more  complex  chemical  structure.  Where 
the  new  mineral  has  been  formed  "  in  place,"  it  has 
sometimes  been  able  to  utilize  the  materials  of  all 
the  minerals  which  before  existed  there,  or  it  may 
Flo.  13.— Crys-  have  been  obliged  to  inclose  within  itself  those  earlier 
d  'l  D«l"'"  constituents  which  it  could  not  assimilate  in  its  own 
a  BchiBt  with  Structure  (Fig.  13). 

Brains  of  At  other  times  a  crystal  which  is  imbedded  in 
""Ycd  ]"'  ""'"^'^  ^'^^  '^^°  attacked  upon  its  surface  by  the  per- 
cause  not  aa-  colating  solutions,  and  the   dissolved  ^ 

airoilated.         materials  have  been  deposited  in  place 
as  a  crown  of  new  minerals  which  steadily  widens  ita    >i£ 
zone  until  the  center  is  reached   and  the  original    wP 
crystal  has  been  entirely  transformed  (Fig.  14).     It    i^'.'lGfJtj'fj'^I 
is  sometimes  possible  to  say     ^r^lJjV'' 
that  the  action  by  which  ^•'* 

these  changes  have  been  ^'°-  i4— ■ 
brought  about  has  involved  |;'^'"^^y|,'*^ 
a  nice  adjustment  of  supply  mBssofnnic 
of  the  chemical  constituents  altered  io  pai 
necessary  to  the  formation 
of  the  new  mineral  or  min- 
erals. In  rocks  which  are 
aggregates  of  several  min- 
Fto.  15.  —  A  new  mineral  eral  Species,  a  newly  formed 
iStrtmTdtati°™rrarion  ™'"^'''^'  ^'^y  ^PPear  Only  at 
rim"  botween  the  roiofiral  ^^^  Common  margin  of  cer- 
having  irregular  fractures  tain  of  these  species,  tbua  showing  that 
(divinG)  aud  the  diwty  they  supply  those  chemical  elements  which 
whilo    mineral    (liroe-Boda  .^       i-i-  j  .,       ,  ,  ,      , 

feldspar).  'Were  necessary  to  the  formation  of   the 

new  substance  (Fig.  15).  Thus  it  is  seen 
that  below  the  earth's  surface  chemical  reactions  are  constantly 
going  on,  and  the  earlier  rocks  are  thus  locally  being  transformed 
into  others  of  a  different  mineral  constitution. 


of  the  roin- 
cnJs  hora- 
bleode      and 

Note  the  orig- 
inal outline  of 
the  uugitc 
crystal. 
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Near  the  earth's  surfjice  the  carbon  dioxide  aod  the  moisture 
which  are  present  in  the  atmosphere  are  constantly  changing 
the  exposed  portions  of  the  lithosphere  into  carbonates,  hydrates, 
and  oxides.  These  compounds  are  more  soluble  than  are  the 
minerals  out  of  which  they  were  formed,  and  they  are  also  more  i 
bulky  and  so  tend  to  crack  off  from  the  parent  mass  on  which 
they  were  formed.  As  we  are  to  see,  for  both  of  these  reasons 
the  surface  rocks  of  the  lithosphere  succumb  to  this  attack  from 
the  atmosphere. 

In  connection  with  those  wrinklings  of  the  surface  shell  of  the 
lithosphere  from  which  mountains  result,  the  underlying  rocks 
are  subjected  to  great  strains,  and  even  where  no  visible  partings 
are  produced,  the  rocks  are  deformed  so  that  individual  minerals 
may  be  bent  into  crescent-shaped  or  S-shaped  forms,  or  they  are 
parted  into  one  or  more  fragments  which  remain  imbedded  within 
the  rock. 
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CHAPTER   IV 


THE    ROCKS    OF    THE    EARTH'S    SURFACE    SHELL^ 

The  processes  by  which  rocks  are  formed.— Rocks  may  be 

formed  Id  auy  one  of  several  ways.  Wlien  a  portion  of  the  molten 
lithosphere,  ao-cailed  inagma,  cools  and  consolidates,  the  product 
is  igneous  rock.  Either  igneous  or  other  rock  may  become  dis- 
integrated at  the  earth's  surface,  and  after  more  or  less  extended 
travel,  either  in  the  air,  in  water,  or  in  ice,  be  laid  down  as  a  sedi- 
ment. Such  sediments,  whether  cemented  into  a  coherent  mass 
or  not,  are  described  as  sedimenlfiry  or  clastic  rocks.  If  the  fluid 
from  which  they  were  deposited  was  the  atmosphere,  they  are 
known  as  subaerial  or  eolian  sediments;  but  if  water,  they  are 
known  as  subaqueous  deposits.  Still  another  class  are  ice-deposited 
and  are  known  as  glacial  deposits. 

But,  as  we  have  learned,  rocks  may  undergo  transformations 
through  mineral  alteration,  in  which  ease  they  are  known  as 
melamorphic  rocks. 
When  these  changes 
consist  chiefly  in  the 
production  of  more 
soluble  minerals  at 
the  surface,  accom- 
panied by  thorough 
disintegration,  due 
to  the  direct  attack 
of  the  atmosphere, 
the  resulting  rocks 
are  called  residual 
rocks, 

The  marks  of  ori- 
gin.—  Each  of  the 
three  great  classes  of  roclm,  the  igneous,  sedimentary,  and  meta- 
morphic,  is  characterized  by  both  coarser  and  finer  structures,  in 
the  examination  of  which  they  may  be  identified.     The  igneous 


Fra.  IS.  —  Lauiiautt^J  stru 
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Tucker). 
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rocks  having  been  produced  from  magmas,  which  are  essentially  1 
homogeneous,  are  usually  without  definite  directional  structures  I 
due  to  an  arrangement  of  their  constituents,  and  are  said  to  have  j 
a  tnassiee  structure.  Sedimentary  rocks,  upon  the  other  hand, 
have  been  formed  by  an  assorting  process,  the  larger  and  heavier  J 
fragments  having  been  laid  down  when  there  was  high  velocity  of  \ 
either  wind  or  water  current,  and  the  smaller  and  lighter  frag- 
ments during  intermediate  periods.  They  are  therefore  more  or  j 
less  banded,  and  are  said  to  have  a  bedded  or  laminated  structure  | 
(Fig.  16). 

Again,  igneous  rocks,  being  due  to  a  process  of  crystallization, 
are  composed  of  mineral  individuals  which  are  bounded  either  1 
by  crystal  planes  or  by  irregular  surfaces  along  which  neighboring  | 
crystals  have  interfered  with  each  other ;   but  in  either  case  the 
grains  possess  sharply  angular  boundaries.     Quite  different  has  | 
been  the  result  of  the  attrition  between  grains  in  the  transpor- 
tation and  deposition  of  sediments,  for  it  is  characteristic  of  the  ' 
sedimentary  rocks  that  their  constituent  grains  are  well  rounded. 
Eolian  sediments  have  usually  more  perfectly  rounded  grains  than 
subaqueous  deposits. 

(.flaciai  deposits,  if  laid  down  directly  by  the  ice,  are  unstrati- 
fied,  relatively  coarse,  and  contain  pebbles  which  are  both  faceted 
and  striated.     Such  deposits  are  descrilied   as  till  or  tilHte.     If  | 
glacier-derived  material   is  taken    up  by  the   streams  of  thaw 
water  and  is  by  them  redepoaited,  the  sediments  are  assorted   , 
or  stratified,  and  they  are  described  as  fiuvio^lacial  deposits. 

The  metamorphic  rocks.  —  Both  the  coarser  structures  and 
the  finer  textures  of  the  metamorphic  rocks  are  intermediate 
between  those  of  the  igneous  and  the  seihmentary  classes.  A 
metamorphosed  sedimentary  rock,  in  proportion  to  its  alteration, 
loses  the  perfect  lamination  and  the  rounded  grain  which  were 
its  distinguishing  characters ;  while  an  igneous  rock  takes  on  in 
the  process  an  imperfect  banding,  and  the  sharp  angles  of  its 
constituent  grains  become  rounded  off  by  a  sort  of  peripheral 
cruahmg  or  granulation.  Metamorphic  rocks  are  therefore 
characterized  by  an  imperfectly  banded  structure  described  aa 
schistosily  or  gneiss  banding,  and  the  constituent  grains  may  be  | 
either  angular  or  rounded.  If  the  metamorphism  has  not  been  I 
too  intense  or  too  long  continued,  it  is  generally  possible  to  deter-  J 
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mine,  particularly  with  the  aid  of  the  polarizing  microscope, 
whether  the  original  rock  from  which  it  was  derived  was  of  igneous 
or  of  sedimentary  origin.  There  are,  however,  many  examples 
which  have  defied  a  reliable  verdict  concerning  their  origin. 

Characteristic  textures  of  the  igneous  rocks.  —  In  addition  to 
the  massiveness  of  their  general  aspect  and  the  angular  bound- 
aries of  their  constituents,  there  are  many  additional  textures 
which  are  characteristic  of  the  igneous  rocks.  While  those  that 
have  consolidated  below  the  earth's  surface,  the  intrusive  rocka^ 
are  notably  compact,  the  magmas  which  arrive  at  the  surface  of 
the  lithosphere  before  their  consolidation  reveal  special  structuroB 
dependent  either  upon  the  expansion  of  steam  and  other  gases 
within  them,  or  upon  the  conditions  of  flow  over  the  earth's  sui^ 
face.  Magmas  which  thus  reach  the  surface  of  the  earth  are  de» 
scribed  as  Uwas,  and  the  rocks  produced  by  their  consolidatacn 
are  extrusive  or  volcanic  rocks.  The  steam  included  in  the  lava 
expands  into  bubbles  or  vesicles  which  may  be  large  or  smal!, 
few  or  many.  According  to  the  number  and  the  size  of  these 
cavities,  the  rock  is  said  to  have  a  vesicular^  scoriaceous,  or  pumi- 
ceous  texture. 

Most  lavas,  when  they  arrive  at  the  earth's  surface,  contain 
crystals  which  are  more  or  less  disseminated  throughout  the 
molten  mass.  The  tourist  who  visits  Mount  Vesuvius  at  the  time 
of  a  light  eruption  may  thrust  his  staff  into  the  stream  of  lava 
and  extract  a  portion  of  the  viscous  substance  in  which  are  seen 
beautiful  white  crystals  of  the  mineral  leucite,  each  bounded  by 
twenty-four  crystal  faces.  It  is  clear  that  these  crystals  must 
have  developed  by  a  slow  growth  within  the  magma  while  it  was 
still  below  the  surface,  and  when  the  inclosing  lava  has  con- 
solidated, these  earlier  crystals  lie  scattered  within  a  groundmass 
of  glassy  or  minutely  crystalline  material.  This  scattering  of 
crystals  belonging  to  an  earlier  generation  within  a  groundmass 
due  to  later  consolidation  is  thus  an  indication  of  interruption  in 
the  process  of  crystallization,  and  the  texture  which  results  is 
described  as  porphyritic  (Fig.  17  6).  Should  the  lava  arrive  at 
the  surface  before  any  crystals  have  been,  generated  and  consoli- 
date rapidly  as  a  rock  glass,  its  texture  is  described  as  glassy 
(Fig.  17  c). 

When  the  crystals  of  the  earlier  generation  are  numerous  and 
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I  needle-like  in  form,  as  is  very  often  the  case,  they  arrange  thera-   | 

I  selves  "  end  on  "  during  the  rock  flow,  so  that  when  consoUda- 

tion  has  occurred,  the  rock  has  a  kind  of  puckered  lamination  which   j 

U  the  characteristic  of  the  Jlitxion  or  fiou)  texture.     This  texture 

has  sometimes  been  confused  with  the  lamination  of  the  sedi-  I 

I  mentary   rocks,  so  that  wrong  conclusions   have   been   reached"  ' 


Jio.  17.  —  Cbaiactpriatic  tPitu  rca  of  i, 
of  tfa«  de«p-aeated  [atruaipe  roc<kB : 
UuKve  and  d(  (be  neiLr-surface  iDtnii 


regarding  origin.  At  other  times  the  same  needle-like  crystals  1 
within  the  lava  have  grouped  themselves  radially  to  form  rounded  J 
nodules  called  spheruUtes.  Such  nodules  give  to  the  rock  a  \ 
ephendilic  texture,  which  is  nowhere  better  displayed  than  in  the  , 
beautiful  glassy  lavas  of  Obsidian  Cliff  in  the  Yellowstone  Na- 
tional Park. 

Those  intrusive  rocks  which  consolidate  deep  below  the  earth's 
surface,  part  with  their  heat  but  slowly,  and  so  the  process  of 
crystallization  is  continued  without  interruption.     Starting  from 
many  centers,  the  crystals  continue  to  grow  until  they  mutually  j 
intersect  in  an  interlocking  complex  known  as  the  granitic  tex-  i 
tore  (Fig.  17  a). 

Classification  of  rocks.  —  In  tabular  form  rocks  may  thus  bo  ' 
classified  as  follows :  — 


Granitic  or  porphyrilio  texture. 
,       .  .1  Eitrusipc.     Glassy    or    porphyritio    texture; 

snarp  y    angular  \      oft^n  also  with  vesioular,  e 


Igneova.       Massive     and 


eeous,  fluxion,  or  BphemliUo  textures. 
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Sedimentary,  Laminated 
and  with  rounded 
grains. 


StthaMal.    Sands  and  loess. 

Subaqueous.     (See  below.) 

Glacial,      Coarse,  unstratified  deposits  with 

faceted  pebbles.    Till  and  tillite. 
Fluvio-glacial,      Stratified  sands  and  graveb 

with  '  *  worked  over ' '  glacial  characters. 


Metamorphic.      Schistose  (Metamorphic  proper.    Due  to  below  surface 
and  with  grains  either  \     changes, 
angular  or  rounded.         [Residual.     Disintegrated  at  or  near  surface. 

Subdivisions  of  the  sedimentary  rocks. — While  the  eolian 
sediments  are  all  the  product  of  a  purely  mechanical  process  of 
lifting,  transportation,  and  deposition  of  rock  particles,  this  is 
not  always  the  case  with  the  subaqueous  sediments,  since  water 
has  the  power  of  dissolving  mineral  substance,  as  it  has  also  of 
furnishing  a  home  for  animal  and  vegetable  life.  Deposited 
materials  which  have  been  in  solution  in  water  are  described  as 
chemical  deposits,  and  those  which  have  played  a  part  in  the  life 
process  as  organic  deposits.  The  organic  deposits  from  v^e- 
table  sources  are  peat  and  the  coals,  while  limestones  and  maris 
are  the  chief  depositories  of  the  remains  of  the  animal  life  of  the 
water.    The  tabular  classification  of  the  sediments  is  as  follows  :— 


Mechanical 


Classification  of  Sediments, 

Subaqueous 

Deposited  by  water. 
Subaerial  or  Eolian 

Deposited  by  wind. 
Glacial 

Deposited  by  ice. 
Fluvio-gladal 


Conglomerate,  sand- 
stone and  shale. 
Sandstone  and  loess. 

Till  and  tilUte. 


Sands  and  gravels. 


Glacier-water  deposits. 


Chemical 


Calcareous  tufa 
Oolitic  limestone 


Deposited  in  springs 

and  rivers. 
Deposited     at     the 

mouths    of    rivers 

between  high  and 

low  tide. 


Organic 


formed  of  plant    re-  Peats  and  coals. 
mains, 

ormed  of  animal  re-  limestones 

mains.  marls. 


and 
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Winds  are  under  favorable  conditions  capable  of  transporting 
both  dust  and  sand,  but  not  ttie  larger  rock  fragments.  The  dust 
deposits  are  found  accumulating  outaide  the  borders  of  dea- 
erts  as  the  eo-caiied  loesa  (Fig.  21fi).  though  the  sand  is  never 
earned  beyond  the  desert  border,  near  which  it  collects  in  wide 
belts  of  ridges  described  as  dunes.  When  this  sand  has  been 
cemented  into  a  coherent  mass,  it  is  known  as  eolian  sandstone. 
A  section  of  the  appendix  (B)  is  devoted  to  an  outline  description 
of  some  of  the  commoner  rock  types. 

The  different  deposits  of  ocean,  lake,  and  river.  —  Of  the  sub- 
aqueous sediments,  there  are  three  distinct  types  resulting: 
(1)  from  sedimentation  in  rivers,  the  Jlueialik  deposits;  (2)  from 
Bedimentation  in  lakes,  the  lacustrine  deposits:  and  (3)  from  sed- 
imentation in  the  ocean,  marine  deposits.  Again,  the  widest 
range  of  character  is  displayed  by  the  deposits  which  are  laid 
down  in  the  different  parts  of  the  course  of  a  stream.  Near  the 
source  of  a  river,  coarse  river  gravels  may  be  found ;  in  the  middle 
course  the  finer  silts ;  and  in  the  mouth  or  delta  region,  where  the 
deposits  enter  the  sea  or  a  lake,  there  is  found  an  Eissortment  of 
silts  and  clays.  Except  within  the  delta  region,  where  the  area 
of  deposition  begins  to  broaden,  the  deposits  of  rivers  are  stretched 
out  in  long  and  relatively  narrow  zones,  and  are  so  distinguished 
from  the  far  more  important  lacustrine  and  marine  deposits. 

Lakes  and  oceans  have  this  in  common  that  both  are  bodies 
of  standing  as  contrasted  with  flowing  water;  and  both  are  sub- 
ject to  the  periodical  rhythmic  motions  and  alongshore  currents 
due  to  the  waves  raised  by  the  wind.  About  their  margins,  the 
deposits  of  lake  and  ocean  are  thus  in  large  part  wrested  by  the 
waves  from  the  neighboring  land.  Their  distribution  is  always 
8uch  that  the  coarsest  materials  are  laid  down  nearest  to  the  shore, 
and  the  deposits  become  ever  finer  in  the  direction  of  deeper 
■water.  Relatively  far  from  shore  may  be  found  the  finest  sands 
And  muds  or  calcareous  deposits,  while  near  the  shore  are  sands, 
And,  finally,  along  the  beach,  beds  of  l>each  pebbles  or  shingle. 
When  cemented  into  coherent  rocks,  these  deposits  become  shales 
or  limestone.s,  sandstones,  and  conglomerates,  respectively. 

As  regards  the  limestones,  their  origin  is  involved  in  consid- 
erable uncertainty.  Some,  like  the  shell  limestone  or  coquina 
of  the  Florida  coast,  are  an  aggregation  of  remains  of  molluska 


I 
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which  live  near  the  border  of  the  sea.  Other  limestones  are  de- 
posited directly  from  carbonate  of  lime  in  solution  in  the  water. 
A  deposit  of  this  nature  is  forming  in  southern  Florida,  both  as 
a  flocculent  calcareous  mud  and  as  crystals  of  lime  carbonate 
upon  a  limestone  surface.  Again,  there  is  the  reef  limestone 
which  is  built  up  of  the  stony  parts  of  the  coral  animal,  and, 
lastly,  the  calcareous  ooze  of  the  deep-sea  deposits. 

The  marine  sediments  which  are  derived  from  the  conti- 
nents, the  so-called  terrigenous  deposits,  are  found  only  upon  the 
continental  shelf  and  upon  the  continental  slope  just  outside  it 
Of  these  terrigenous  deposits,  it  is  customary  to  distinguish: 
(1)  littoral  or  alongshore  deposits,  which  are  laid  down  between 
high  and  low  tide  levels ;  (2)  shoal  water  deposits,  which  are  found 
between  low-water  mark  and  the  edge  of  the  continental  shelf ;  and 
(3)  aktian  or  offshore  deposits,  which  are  found  upon  the  conti- 
nental slope.  The  littoral  and  shoal  water  deposits  are  mainly 
gravels  and  sands,  while  the  offshore  deposits  are  principally 
muds  or  lime  deposits. 

Special  marks  of  littoral  deposits. — The  marks  of  ripples  are 
often  left  in  the  sand  of  a  beach,  and  may  be  preserved  in  the  sand- 
stone which  results  from  the  cementation  of  such  deposits  (pi.  11  A). 
Very  similar  markings  are,  however,  quite  characteristic  of  the 
surface  of  wind-blown  sand.  For  the  reason  that  deposits  are 
subject  to  many  vicissitudes  in  their  subsequent  history,  so  that 
they  sometimes  stand  at  steep  angles  or  are  even  overturned, 
it  is  important  to  observe  the  curves  of  sand  ripples  so  as  to  dis- 
tinguish the  upper  from  the  lower  surface. 

In  the  finer  sands  and  muds  of  sheltered  tidal  flats  may  be  pre- 
served the  impressions  from  raindrops  or  of  the  feet  of  animals 
which  have  wandered  over  the  flat  during  an  ebb  tide.  When 
the  tide  is  at  flood,  new  material  is  laid  down  upon  the  surface 
and  the  impressions  are  filled,  but  though  hardened  into  rock, 
these  surfaces  are  those  upon  which  the  rock  is  easily  parted, 
and  so  the  impressions  are  preserved.  In  the  sandstones  of  the 
Connecticut  valley  there  has  been  preserved  a  quite  remarkable 
record  in  the  footprints  of  animals  belonging  to  extinct  species, 
which  at  the  time  these  deposits  were  laid  down  must  have  been 
abundant  upon  the  neighboring  shores. 

Between  the  tides  muds  may  dry  out  and  crack  in  intersecting 
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lea  like  the  walls  of  a  honeycomb,  and  when  the  cracks  have  been 

Hed  at  high  tide,  a  stmctiire  is  produced  which  may  later  be 

ignizcd  and  is  uaiially  referred  to  as  "  mud-crack  "  structure, 

'his  structure  is  of  special  service  in  distinguishing  marine  de-  j 

lits  from  the  subaerial  or  continental  deposits. 

variation   in   the  direetion   of  winds  of   successive  storma  j 
may  be  responsible  for  the  piling  up  of  the  beach  aand  in  a  pecul- 
iar "  plunge  and  flow  "  or  "  crosa-bedded  "  structure,  a  structure 
which   is  extremely  common  in  littoral  deposits,   though  simu- 
lated in  rocks  of  eolian  origin. 

The  order  of  deposition  during  a  transgression  of  the  sea. — 
Many  shore  lines  of  the  continents  are  almost  constantly  migrat- 
ing either  landward  or  seaward.     When  the  shore  line  advances 


over  the  land,  the  coast  is  sinking,  and  marine  deposits  will  be 
formed  directly  above  what  was  recently  the  "  dry  land."  Such 
an  invasion  of  the  land  by  the  sea,  due  to  a  subsidence  of  the  coast, 
is  called  a  transgression  of  the  sea,  or  simply  a  transgression. 
Though  at  any  moment  the  littoral,  shoal  water,  and  offshore 
deposits  are  each  being  laid  down  in  a  particular  zone,  it  is  evi- 
dent that  each  roust  advance  in  turn  in  the  direction  of  the  shore 
and  so  be  deposited  above  the  zones  nearer  shore.  Thus  there 
comes  to  be  a  definite  aeries  of  continuous  beds,  one  above  the  other, 
provided  only  that  the  process  is  continued  (Fig.  18).  At  the 
very  bottom  of  this  series  there  will  usually  be  found  a  thin  bed 
■of  pebbly  beach  materials,  which  later  wiL  harden  into  the  so- 
■called  basal  conglomerate.  If  the  size  of  the  pebbles  is  such  as  to 
make  possible  an  identification,  it  will  generally  be  found  that  these 
represent  the  ruins  of  the  rock  over  which  the  sea  has  advanced 
upon  the  land. 

Next  in  order  above  the  basal  conglomerate,  will  follow  the 
coarser  and  then  the  finer  sands,  upon  which  in  turn  will  be  laid 
down  the  offshore  sediments  —  the  muds  and  the  lime  deposits. 
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Later,  when  cemented  together,  these  become  in  order,  ooarser 
and  finer  sandstones,  shales,  and  limestones.  The  order  of  8upe^ 
position,  reading  from  the  bottom  to  the  top,  thus  gives  the  order 
of  decreasing  age  of  the  formations. 

A  subsequent  uplift  of  the  coast  will  be  accompanied  by  a 
recession  of  the  sea,  and  when  later  dissected  by  nature  for  our 
inspection,  the  order  of  superix)sition  and  the  individual  character 
of  each  of  the  deposits  may  be  studied  at  leisure.  From  such 
studies  it  has  been  found  that  along  with  the  inorganic  deposits 
there  are  often  found  the  remains  of  life  in  the  hard  parts  of  such 
invertebrate  animals  as  the  mollusks  and  the  Crustacea.  These 
so-calIed"/ossib  represent  animals  which  were  gradually  developed 
from  simpler  to  more  and  more  complex  forms;  and  they  thus 
serve  the  purpose  of  successive  page  numbers  in  arranging  the 
order  of  disturbed  strata,  at  the  same  time  that  they  supply 
the  most  secure  foundation  upon  which  rests  the  great  doctrine 
of  evolution. 

The  basins  of  earlier  ages. — It  was  the  great  Viennese  geolo- 
gist, Professor  Suess,  who  first  pointed  out  that  in  mountain  regions 
there  are  found  the  thickest  and  the  most  complete  series  of  the 
marine  deposits;  whereas  outside  these  provinces  the  forma- 
tions are  separated  by  wide  gaps  representing  periods  when  no 
deposits  were  laid  down  because  the  sea  had  retired  from  the 
region.  The  completeness  of  the  series  of  deposits  in  the  mountain 
districts  can  only  be  interpreted  to  mean  that  where  these  but 
lately  formed  mountains  rise  to-day,  were  for  long  preceding  ages 
the  basins  for  deposition  of  terrigenous  sediments.  It  would 
seem  that  the  lithosphere  in  its  adjustment  had  selected  these 
earlier  sea  basins  with  their  heavy  layers  of  sediment  for  zones  of 
special  uplift. 

The  deposits  of  the  deep  sea.  —  Outside  the  continental  slope, 
whose  base  marks  the  limit  of  the  terrigenous  deposits,  lies  the 
deeper  sea,  for  the  most  part  a  series  of  broad  plains,  but  varied  by 
more  profound  steep-walled  basins,  the  so-called  "  deeps  "  of  the 
ocean.  As  shown  by  the  dredgings  of  the  Challenger  expedi- 
tion and  others  of  more  recent  date,  the  deposits  upon  the  ocean 
floor  are  of  a  wholly  different  character  from  those  which  are 
derived  from  the  continents.  Except  in  the  great  deeps,  or 
between  depths  of  five  hundred  and  fifteen  hundred  fathoms. 
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hese  deposits  are  the  so-called  "  ooze/'  composed  of  the  cal- 
areous  or  chitmous  parts  of  algsB  and  of  minute  animal  organisms. 
The  i>elagic  or  surface  waters  of  the  ocean  are,  as  it  were,  a  great 
aeadow  of  these  plant  forms,  upon  which  the  minute  Crustacea, 
uch  as  globigerina,  foraminif era,  and  the  pteropods,  feed  in  count- 
ess myriads.  The  hard  parts  of  both  plant  and  animal  organisms 
tescend  to  the  bottom  and  there  form  the  ooze  in  which  are  some- 
ames  found  the  ear  bones  of  whales  and  the  teeth  of  sharks. 

In  the  deeps  of  the  ocean,  none  of  these  vegetable  or  animal 
leposits  are  being  laid  down,  but  only  the  so-called  "  red  clay," 
nrhich  is  believed  to  represent  decomposed  volcanic  material 
ieposited  by  the  winds  as  fine  dust  on  the  surface  of  the  ocean,  or 
ihe  product  of  submarine  volcanic  eruption.  From  the  absence 
>f  the  ooze  in  these  profound  depths,  the  conclusion  is  forced  upon 
IS  that  the  hard  parts  of  the  minute  organisms  are  dissolved  while 
[ailing  through  three  or  four  miles  of  the  ocean  water. 
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CHAPTER  V 

CONTORTIONS  OF  THE  STRATA  WITHIN  THE  ZONE  OF 

FLOW 

The  zones  of  fracture  and  flow.  —  It  is  easy  to  think  of  the 
atmosphere  and  the  hydrosphere  as  each  sustaining  at  any  point 
the  load  of  the  superincumbent  material.  At  the  sea  level  the 
weight  of  air  upon  each  square  inch  of  surface  is  about  fifteen 
pounds,  whereas  upon  the  floor  of  the  hydrosphere  in  the  more 
profound  deeps  the  load  upon  the  square  inch  must  be  measured 
in  tons.  Near  the  lithosphere  surface  the  rocks  support  by  their 
strength  the  load  of  rock  above  them,  but  at  greater  depths  they 
are  unable  to  do  this,  for  the  load  bears  upon  each  portion 
of  the  rock  with  a  pressiu^e  equivalent  to  the  weight  of  a  rock 
column  which  extends  upward  to  the  surface.  The  average 
specific  gravity  of  rock  is  2.7,  and  it  is  thus  easy  to  calculate  the 
length  of  the  inch  square  column  which  has  a  weight  equivalent 
to  the  crushing  strength  of  any  given  rock.  At  the  depth  repre- 
sented by  the  length  of  such  a  column,  rocks  cannot  yield  to  pres- 
sure by  fracture,  for  the  opening  of  a  crack  implies  that  the  rock 
upon  either  side  is  strong  enough  to  prevent  the  walls  from  clos- 
ing. At  this  depth,  rock  must  therefore  yield  to  pressure  not  by 
fracture,  as  it  would  at  the  surface,  but  by  flow  after  the  manner 
of  a  liquid ;  and  so  the  zone  below  this  critical  level  is  referred  to 
as  the  zone  of  flow. 

In  contrast,  the  near-surface  zone  is  called  the  zone  of  fradwre. 
But  different  rocks  possess  different  strengths,  and  these  are 
subject  to  modifications  from  other  conditions,  such,  for  example, 
as  the  proximity  of  an  uncooled  magma.  The  zone  of  flow  is 
therefore  joined  to  the  zone  of  fracture,  not  upon  a  definite  surface, 
but  in  an  intermediate  zone  described  as  the  zone  of  fracture  and 
flow. 

Experiments  which  illustrate  the  fracture  and  flow  of  solid 
bodies.  —  A  prismatic  block  prepared  from  stiff  molders'  wax, 
if  crushed  between  the  jaws  of  a  testing  machine,  yields  a  system 
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rsecting  fractures  which  are  perpendicular  to  the  free  sur- 
if  the  block  and  take  two  directions  each  inclined  by  half 
^t  angle  to  the  direction  of  compression 
,9).  This  experiment  may  illustrate  the 
T  in  which  fractures  are  produced  by 
tmpression  within  the  zone  of  fracture 
!  Uthosphere,  as  its  core  continues  to 
et. 

reproduce  the  conditions  within  the  zone 
r,  it  will  be  necessary  to  load  the  lateral 
68  of  the  block  instead  of  leaving  them 
Btrwned  as  in  the  above-described  ex- 
mt.  The  experiment  is  best  devised  ns 
[.  20.  Here  a  series  of  layers  having 
ig  degrees  of  rigidity  is  prepared  from 
ax  as  a  base,  either  stiffened  by  ad- 
re  of  varjnng  proportions  of  plaster  of 
or  weakened  by  the  use  of  Venice  turpen- 

Such  a  series  of  layers  may  represent 
of  as  widely  different  characters  as  lime- 

and  shale.     The  load  which  is  to  rep- 

BUperincumbent  rock  is  supplied  in  the 
ment  by  a  deep  layer  of  shot, 
en  compression  is  applied  to  the  layers 
the  ends,  these  normally  solid  materials, 
d  of  fracturing,  are  bent  into  a  series 
is.  The  Btiffer,  or  mure  competent,  layers  are  found  to  be 
ontorted   than  are   the   weaker  layers,   particularly  if  the 


Fm.  19.  — Two  inter- 
HectinK  paruilol  st-ries 
of  Iracturm  produced 
upon  cocb  irev  sur- 
face of  H  pri«mBtio 
block  of  stiff  moldcra' 
wm  wheu  broken  by 
cumpreasiDU  from  the 
cads  (after  Daubr^ 
and  Tri^ca). 


^ 


\ 
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Fio.  21.  —  Diagrams  representing  a,  an 
anticline ;  b,  a  syncline ;  and  c,  a  mono- 
cline. 


a    r 


latter  have  been  protected  under  an  arch  of  the  more  compet^t 
layer  (pi.  2  A). 

The  arches  and  troughs  of  the  folded  strata.  —  Every  series 
of  folds  is  made  up  of  alternating  arches  and  troughs.  The  arches 
of  the  strata  the  geologist  calls  arUidinea  or  anticlinal  foldSf  and 
the  troughs  he  calls  syndinea  or  synclinal  folds  (Fig.  21).     When  a 

stratum  is  merely  dropped  in  a 
bend  to  a  lower  level  without 
producing  a  complete  arch  or  a 
complete  trough,  this  half  fold 
is  termed  a  monocline. 

Any  flexuring  of  the  strata 
implies  a  reduction  of  their 
surface  area,  or,  considering  a 
single  section,  a  shortening.  If  the  arches  and  troughs  are  low 
and  broad,  the  deformation  of  the  strata  is  slight,  the  shorten- 
ing is  comparatively  small,  and  the  folds  are  described  as  open 
(Fig.  22  b).  If  they  be  relatively  both 
high  and  narrow,  the  deformation  is 
considerable,  a  larger  amount  of  crustal 
shortening  has  gone  on,  and  the  folds 
are  described  as  dose  (Fig.  22  c).  This 
closing  up  of  the  folds  may  continue 
until  their  sides  have  practically  the 
same  slope,  in  which  case  they  are  said 
to  be  isoclinal  (Fig.  22  d). 

The  elements  of  folds.  —  Folds  must 
always  be  thought  of  as  having  ex- 
tension in  each  of  the  three  dimensions 
of  space  (Fig.  23),  and  not  as  properly 
included  within  a  single  plane  like  the 
cross  sections  which  we  so  often  use  in 
illustration.  A  fold  may  be  conceived 
of  as  divided  into  equal  parts  by  a  plane 
which  passes  along  the  middle  of  either  the  arch  or  the  trough, 
and  is  called  the  axial  plane.  The  line  in  which  this  plane  inter- 
sects the  arch  or  the  trough  is  the  axis,  which  may  be  called  the 
Crestline  in  an  anticline,  and  the  troughline  in  a  syncline. 

In  the  case  of  many  open  folds  the  axis  is  practically  hori- 


Fio.  22.  —  A  comparison  of 
folds  to  express  increasing 
degrees  of  crustal  shortening 
or  progressive  deformation 
within  the  sone  of  flow :  a, 
stratum  before  folding;  b, 
open  folds;  c,  close  folds; 
(f,  isoclinal  folds. 
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f  sontal,  but  in  more  complexly  folded  regions  this  is  seldom  true. 

The  departure  of  the  axis  from  the  horizontal  is  called  the  pitch, 

L  and  folds  of  this  type  are  described  as  pilchtng  folds  or  plunging 


Tta.  23.  —  Antkliukl  and 


CnfterWillb). 


fotdt.  The  axis  is  in  reality  in  these  cases  thrown  into  a  aeriea  j 
of  undulations  or  "  longitudinal  folds,"  and  hence  pitch  will  J 
vary  along  the  axis. 

The  shapes  of  rock  folds.  —  By  the  axial  plane  each  fold  is  J 
divided  into  two  parts  which  are  called  its  limbs,  which  may  have  I 
^ther  the  same  or  different  average  inclinations.     To  describe  I 
now  the  shapes  of  rock  folds  and  not  the  degree  of  compression  of  ' 
the   district,   some   additional   terms   are   necessary.     Anticlines 
or  synclines  whose  limbs  have   about  the  same   inclinations  are 
known  as  upright  or  symmetrical  folds.     The  axial  plane  of  the 
BjTumetrical  fold  is  vertical  (Fig.  24).     If  this  plane  is  inclined  to 
the  vertical,  the  folds  are  unsymjwtrical.    Ql^soon  as  the  steeper 
of  the  two  limbs  has  passed  the  vertical  position  and  inclines  in 
the.  same  direction  as  the  flatter  limb,  the  fold  is  said  to  be  over- 
turned.    The  departure  from  symmetry  may  go  so  far  that  the 
axial  plane  of  the  fold  lies  at  a  very  flat  angle,  and  the  fold  is  then 
said  to  be  reaimbcnt.     The  observant  traveler  by  train  along  any 
of  (he  routes  which  enter  the  Alps  may  from  his  car  window  find 
illustrations  of  most  of  these  types  of  rock  folds,  as  be  may  also, 
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Symm*'^vlca/ 


though  generally  less  eaaily,  in  passing  through  the  Appalachian 
Mountains. 

In  regions  which  have  been  closely 
fuliicd  the  larger  flexures  of  the  strat*^ 
may  !>e  found  with  folds  of  a  smallan 
order    of     magnitude    superimpoaei^l 
upon  them,  and  th(;se  in  turn  nufa 
show  crumplings  of  still  lower  ordeitta 
It  has  boen  found  that  the  folds  of  1 
the  smaller  orders  of  magnitude  peer  1 
seas  the  shapes  of  the  larger  flexurps, 
and  much  is  therefore  to  be  learned 
from  their  careful   study   (Fig.   25). 
It  is  also  quite  generally  discovered 
that  parallel  planes  of  ready  pai 
which  are  described  as  rock  t 
take  their  course  parallel  to  the  t 
plane  within   each   minor   fold. 
was  long  ago  shown  by  the  piai 
British    geologists,    these    planeA^ 
cleavage  are  essentially  parallel  ) 
follow  the  fold  axes  throughout  Ii 


^mcumbvnf- 

!4.  —  DiuBrama  to  iUuatrate 
the  different  ghapeaof  rack  folds. 


Fio. 


The   overthrust  fold.  - 
a  stratum  is  bent,   there  is  a  tendency  for  its  particles  to  1 
separated  upon  the  convex  side  of  the  bend,  at  the  same  time 
that  those  upon  the  con- 
cave side  are  crowded 
closer  together  —  there 
is  tension  in  the  former 
case    and   compression 
in  the  latter  (Fig.  26). 
Within   an  unsymmet- 
rical  or  an  overturned 
fold,  the   peculiar  dis- 
tortions in  the  different 
sections  of  the  stratum 

are  less  simple  and  are  p,^  ae.-S^oadary  .^d  t.rti«y  fl*«r«« 
best   illustrated   by  posed  upon  tbe  primu)' ouM' 


a 


i 


I 


upon  tb^H 
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td.  2C.  This  apparatus  shows  two  similar  piles  of  paper  sheets^ 
upon  the  edges  of  each  of  which  a  series  of  circles  has  been  drawn. 
When  now  one  of  the  piles  is  bent  into  an  unaymmetricai  fold,  it- 
is  seen  that  through  an  accommodatioD  by  the  paper  sheets  sliding 
each  over  its  neighl)or  large  distortions  of  the  circles  have  occurred. 
In  that  steeper  limb  which  with  closer  folding  will  be  overturned 
the  circles  have  been  drawn 
out  into  long  and  narrow 
ellipses,  and  this  indicates 
that  those  rock  particles 
which  before  the  bending 
were  included  in  the  circle 

have  been  moved  past  each   ^ '"■  ^^-  — *  ^•^^  stratun,  to  [iiurtrsta 
other  in  the  manner  of  the 
blades  of  a  pair  of  shears. 

Such  extreme  "  shearing  "  action  is  thus  localized  in  the  under- 
turned  limb  of  the  fold,  and  a  time  must  come  with  continuation 
of  the  compression  when  the  fold  will  rupture  at  this  critical  place 
along  a  plane  parallel  to  the  longest  axis  of  the  ellipses  or  nearly 
parallel  to  the  axial  plane  of  the  anticline.  Such  structures  prob- 
ably occur  in  the  zone  of  combined  fracture  and  flow,  up  into 
which  the  beds  are  forced  in  cases  of  close  compression.  Relief 
thus  being  found  upon  this  plane  of  fracture,  the  upper  portion 
of  the  fold  will  now  ride  over  the  lower,  and  the  displacement  is 
described  as  a  tkrust  or  overlhrust. 

In  the  long  series  of  experiments  conducted  by  Mr.  Baili 
Willis  of  the  United  States  Geological  Survey,  all  the  stages  be-i 
tween  the  overturned  fold  and  the  overthrust  fold  were  reproduced. 
Where  a  aeries  of  folds  was  closely  compressed,  a  parallel  series  of 
thrusts  developed  (pi.  2  B),  so  that  a  series  of  slices  cutting  across 
neighlioring  strata  was  slid  in  succession,  each  over  the  other, 
tike  the  scales  upon  a  fish  or  the  shingles  upon  a  roof.  Quite 
remarkable  structures  of  this  kind  have  been  discovered  in  rocks 
of  Buch  closely  folded  districts  as  the  Northwest  Highlands  of  Scot- 
land, where  the  overriding  is  measured  in  miles.  Near  the  thrust 
planes  the  rocks  show  a  crushing  of  the  grains,  and  the  planes  them- 
selves are  sometimes  corrugated  and  pohshed  by  the  movement. 

Restoration  of  mutilated  folds.  —  Since  flexuring  of  the  rocks 
takes  place  within  the  zone  of  flow  at  a  distance  of  several  miles 
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below  the  earth's  surface,  it  is  quite  obvious  that  the  results  of  the 
process  can  be  studied  only  after  some  thousands  of  feet  of  super- 
incumbent strata  have  been  removed.  We  are  a  little  later  to  see 
by  what  processes  this  lowering  of  the  surface  is  accomplished, 
but  for  the  present  it  may  be  sufficient  to  accept  the  fact,  realizing 
that  before  foldings  in  the  strata  can  reach  the  surface,  they  must 
have  passed  through  the  upper  zone  of  fracture. 

It  might  perhaps  be  supposed  that  the  anticlines  would  appear 
as  the  mountains  upon  the  surface,  and  occasionally  this  is  true ; 
as,  for  example,  in  the  folded  Jura  Mountains  of  western  Europe. 
More  generally,  the  mountains  have  a  synclinal  structure  and  the 
valleys  an  anticlinal  one ;  but  as  no  general  rule  can  be  applied, 
it  is  necessary  to  make  a  restoration  of  the  truncated  folds  in  each 
district  before  their  character  can  be  known. 

The  geological  map  and  section.  —  The  earth's  surface  is  in 
most  regions  in  large  part  covered  with  soil  or  with  other  inco- 
herent rock  material,  so  that  over  considerable  areas  the  hard  rocks 
are  hidden  from  view.  Each  locality  at  which  the  rock  is  found 
at  the  earth's  surface  "  in  place"  is  described  as  an  outcropping 
or  exposure.  In  a  study  of  the  region  each  such  exposure  must 
be  examined  to  determine  the  nature  of  the  rock,  especially  for 
the  purpose  of  correlation  with  neighboring  exposures,  and,  in 
addition,  both  the  probable  direction  in  which  it  is  continued  along 
the  surface  —  the  strike  —  and  the  inclination  of  its  beds  — 
the  dip.  If  the  outcroppings  are  sufficiently  numerous,  and  rock 
type,  strike  and  dip,  may  all  be  determined,  the  folds  of  the  dis- 
trict may  be  restored  with  almost  as  much  accuracy  as  though 
their  curves  were  everywhere  exposed  to  view.  A  cross  section 
through  the  surface  which  represents  the  observed  outcrops  with 
their  inclinations  and  the  assumed  intermediate  strata  in  their 
probable  attitudes  is  described  as  a  geological  section  (Fig.  27).  A 
map  upon  which  the  data  have  been  entered  in  their  correct  loca- 
tions, either  with  or  without  assumptions  concerning  the  covered 
areas,  is  known  as  a  geological  map. 

If  the  axes  of  folds  are  absolutely  horizontal,  and  the  surface 
of  the  earth  be  represented  as  a  plain,  the  lines  of  intersection  of 
the  truncated  strata  with  the  ground,  or  with  any  horizontal  sur- 
face, will  give  the  directions  of  continuation  of  the  individual 
strata.    This  strike  direction  is  usually  determined  at  each  expo- 
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sure  by  use  of  a  compass  provided  with  a  spirit  level.  When  that 
edge  of  the  leveled  compass  which  is  parallel  to  the  north-south 
line  upon  the  dial  is  held  against  the  sloping  rock  stratum,  the 


1 


«:/ 
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>, 


<,     r 


angle  of  strike  is  measured  in  degrees  by  the  compass  needle.     It  ] 
the  cardinal  directions  have  been  placed  in  their  correct  positions   I 
upon  the  compa.ss  dial,  the  needle  will  point  to  the  northwest 
when  the  strike  is  northeast,  and  vice  versa  (Fig.  28  a).     Upon 


i 


Fia.  28.  —  DiaersiD  to  illualrat«  the  miiiiDer  of  dctprminiiig  tbe  strike  o[  rock  bedi    ' 
>l   on   oulcroppiag.     a.  a   compass  wliich  has  the  cardinal  directionB  ia  their 
natur&l  pamtioDa:  b,  a  compass  with  the  east  aad  west  initials  reversed  upon  the 
dial :  c.  home-made  cliuometcr  in  position  to  dptormine  the  dip. 

the  geologist's  compass  it  is  therefore  customary  to  reverse  the 
initials  which  represent  the  east  and  west  directions,  in  order  that  | 
the  correct  strike  may  be  read  directly  from  the  dial  (Fig.  28  b). 

By  the  dip  is  meant  the  inclination  of  the  stratum  at  any  expo*  i 
sure,  and  this  must  obviously  be  measured  in  a  vertical  plane  J 
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along  the  steepest  line  in  the  bedding  plane.  The  dip  an^e  is 
always  referred  to  a  horizontal  plane,  and  hence  vertical  beds  have 
a  dip  of  90°.  The  device  for  measuring  this  angle  of  dip,  the 
clinometer,  is  merely  a  simple  pendulum  which  serves  as  an  indi- 
cator and  is  centered  at  the  comer  of  a  graduated  quadrant.  A 
home-made  variety  is  easily  constructed  from  a  square  piece  of 
board  and  an  attached  paper  quadrant  (Fig.  28  c),  but  the  geolo- 
gist's compass  is  always  provided  with  a  clinometer  attachment 
to  the  dial. 

Since  the  strike  is  the  intersection  of  the  bedding  plane  with  a 
horizontal  surface,  and  the  dip  is  the  intersection  with  that  partic- 
ular vertical  plane  which  gives  the  steepest  inclination,  the  strike 
and  dip  are  perpendicular  to  each  other.  To  represent  them 
upon  maps,  it  is  more  or  less  customary  to  use  the  so-called  T 
symbols,  the  top  of  the  T  giving  the  direction  of  the  strike  and  the 
shank  that  of  the  dip.  If  meridians  are  drawn  upon  the  map,  the 
direction  or  attitude  of  the  T  can  be  found  by  the  use  of  a  simple 
protractor;  and  when  entered  upon  the  map,  the  exact  angle  of 
the  strike  may  be  supplied  by  a  figure  near  the  top  of  the  T,  and 
the  dip  angle  by  a  figure  at  the  end  of  the  shank.  It  is  the  custom, 
also,  to  make  the  length  of  the  shank  inversely  proportional  to 
the  steepness  of  the  dip,  so  that  in  a  broad  way  the  attitudes  of 
the  strata  may  be  taken  in  at  a  glance  (Fig.  29).     It  is  further  of 

^  advantage  to  make  the  top  of  the 

T  a  double   line,  so   that   some 

symbol  or  color   may  show  the 

C^^    correlations  of  the  different  expo- 

^^         sures.     To  illustrate,  in  Fig.  29, 

the  symbol  marked  a  represents 

an  outcrop  of  limestone,  the  strike 

ji5  of  which  is  50°  east  of  north  (N. 

50°  E.),  and  the  dip  of  which  is 
Fio.  29.  —  Diagram  to  show  the  use    45°  southeast.     In  the  same  figure 
of  T  symbols  to  indicate  the  dip  and    ft  represents  a  shalc  outcrop  in  hori- 

strike  of  outcroppings.  i.   i  u    j  i.*  u   u 

zontal  beds,  which  have  m  conse- 
quence a  universal  strike  and  a  dip  of  0°.  An  exposure  of  limestone 
in  vertical  beds  which  strike  N.  60°  E.  is  shown  at  c,  etc. 

Measurement  of  the  thickness  of  formations.  —  When  forma- 
tions still  lie  in  horizontal  beds,  we  may  sometimes  learn  their 
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«hicknes8  directly  either  from  the  depth  of  borings  to  the  iinder- 
3ring  rock,  or  by  measurements  upon  steep  cafion  walls.  If  the 
3eds  stand  vertically,  the  matter  is  exceedingly  simple,  for  in  this 
3ase  the  thickness  is  the  width  of  the  outcrops  of  the  formation 
t)etween  the  beds  which  bound  it  upon  either  side.  In  the  general 
:;ase,  in  which  the  beds  are 

neither  horizontal  nor  ver-  •    ^'^^        \ 

tical,  the  thickness  must  be  j      Ourcrop 

3btained  indirectly  from  the 
Hridth  of  the  exposures  and 
the  angle  of  the  dip.  The 
Factor  by  which  the  ex- 
posure width  must  be  mul- 
tiplied is  known  as  the  sine  Yiq.  30.  —  Diagram  to  ihow  how  the  thickneaa 
>f  the  dip  angle    (Fig.  30),       of  a  formation  may  be  obtained  from  the 

wrhich  is  given  with  sufficient      "^®  °'  *^®  ^p  "'^^  ^®  ^^^^  °'  *^®  ®^- 

^  ^  ^  posures. 

accuracy  for  most  purposes 

in  the  following  table.  It  is  obvious  that  in  order  to  obtain 
bhe  full  thickness  of  a  formation  it  is  necessary  to  measure  from 
the  contact  with  the  adjacent  formation  upon  the  one  side  to  a 
limilar  contact  with  the  nearest  formation  upon  the  other. 


0** 

.00 

5** 

.09 

10** 

.17 

15** 

.26 

20** 

.34 

25** 

.42 

30** 

.50 

Natural  Sines 

35** 

.57 

40** 

.64 

45** 

.71 

50** 

.77 

55** 

.82 

60** 

.87 

65** 

.91 

70** 

.94 

75** 

.97 

80** 

.98 

85** 

1.00 

90** 

1.00 

The  detection  of  plunging  folds.  —  When  the  axis  of  a  fold  is 
lorizontal,  its  outcrops  upon  a  plain  will  continue  to  have  the  same 
strike  until  the  formation  comes  to  an  end.  Upon  a  generally 
evel  surface,  therefore,  any  regular  progressive  variation  in  the 
strike  direction  is  an  indication  that  the  folds  have  a  plunging 
>r  pitching  character.  Many  serious  mistakes  of  interpretation 
aave  been  made  because  of  a  failure  to  recognize  this  evidence  of 
Dlunging  folds.  The  way  in  which  the  strikes  are  progressively 
Bodified  will  be  made  clear  by  the  diagrams  of  Figs.  31  and  32, 
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the  first  reprcHenting  a  pitching  anticline  and  the  second  a  pitch- 
ing syncline.     In  both  these  reciprocal  cases  the  strikes  of  the 


beds  undergo  the  same  changes,  and  the  dip  directions  serve  lo 
distinguish  which  of  the  two  structures  is  present  in  a  given  case. 
There  is,  however,  one  further  difference  in  tiiat  the  hard  layers 


FlQ.  32. —  Combined  nu 
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the  plunging  anticline,  where  they  disappear  below  the  surface 
in  the  axis,  will  present  a  domed  surface  sloping  forward  like  the 
back  of  a  whale  as  it  rises  above  the  surface  of  the  sea.  Plunging 
folds  in  series  will  thus  appear  in  the  topography  as  a  series  of 
sharply  zigzagging  ranges  at  those  localities  where  the  harder 
layers  intersect  the  surface.  Such  features  are  encountered  in 
eastern  Pennsylvania,  where  the  hard  formations  of  the  Appala- 
chian Mountain  system  plunge  northeastward  under  the  later 
formations.  The  pitch  of  the  larger  fold  is  often  disclosed  by  that 
of  the  minor  puckerings  superimposed  upon  it. 

The  meaning  of  an  unconformity.  —  The  rock  beds,  which  are 
deposit«d  one  above  the  other  during  a  transgression  of  the  sea, 
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Here  it  is  evident  that  the  sediments  which  compose  the  lower 
series  of  beds  have  been  folded  in  the  zone  of  flow,  though  the 
upper  series  has  evidently  escaped  this  vicissitude.  Furthermore, 
the  surface  which  delimits  the  lower  series  from  the  upper  is  some- 
what irregular  and  shows  a  hard  layer  standing  in  relief,  as  it 
would  if  it  had  opposed  greater  resistance  to  the  attacks  of  the 
atmosphere  upon  it. 

In  reality,  an  unconformity  between  formations  must  be  in- 
terpreted to  mean  that  the  lower  series  is  not  only  older  than  the 
upper,  as  shown  by  the  order  of  superposition,  but  that  the  time 
of  its  deposition  was  separated  from  that  of  the  upper  by  a  hiatus 
in  which  important  changes  took  place  in  the  lower  series.  The 
stages  or  episodes  in  the  history  of  the  beds  represented  in 
Fig.  33  may  be  read  as  follo^^'s  (see  Fig.  34  a-e) :  — 

(a)    Deposition 


of  the  lower  series 
during  a  transgres- 
sion of  the  sea. 

(5)  Continued 
subsidence  and 
burial  of  the  lower 
series  beneath 
overlying  sedi- 
ments, and  flexur- 
ing  in  the  zone  of 
flow. 

(c)  Elevation  of 
the  combined  de- 
posits to  and  far 
above  sea  level  and 
T.     o.      o   .     *  J.  .„  removal  by  erosion 

i  IG.  34.  —  Senes  of  diagrams  to  illustrate  in  succession  the      -         4.  ♦k"  L- 

episodes  involved  in  the  historical  development  of  an  ^*  ^^^  tlllCkneSSes 

angular  unconformity.     The   vertical   arrows  indicate  of   the  Upper  Sedi- 

the  direction  of  movement  of  the  land,  and  the  horizontal  rnents 
arrows  the  direction  of  shore  migration.  /  i\  *  *  i 

(a)  A  new  sub- 
sidence of  the  truncated  lower  series  and  deposition  of  the  upper 
series  across  its  eroded  surface. 

(e)    A  new  elevation  of  the  double  series  to  its  present  position 
above  sea  level. 
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From  this  succession  of  episodes  it  is  seen  that  a  bre&k  of  this 
id  between  two  series  of  deposits  involves  a  double  oscillation 

pf  subsidence  foliowed  by  elevation  —  a.  large  depression  followed 

i)y  a  large  elevation,  a  smaller  subsidence  followed  by  elevation, 
rhe  time  interval  which  must  have  been  represented  by  these  re- 
lated operations  is  so  vast  as  at  first  to  stagger  the  mind  in  coo- 
emplatiiig  it.  When,  as  in  this  instance,  the  dips  of  the  lower 
tries  of  beds  differ  from  those  of  the  upper,  we  have  to  do  with 
m  angular  unconfurmity.  It  may  be,  however,  that  the  lower 
leries  was  not  so  far  depressed  as  to  enter  the  zone  of  flow,  and 
ibat  its  beds  meet  those  of  the  upper  series  with  apparent  con- 
bnnity.  Such  an  unconformity  is  often  extremely  difficult  to 
ecognize,  and  it  is  described  as  a  deceptive  or  erosional  uncon- 
'vrmUy. 

With  a  deceptive  unconformity  the  clew  to  its  real  nature  ia 
IBually  some  fact  which  indicates  that  the  lower  series  of  sedi- 

Dents  had  been  raised  above  the  -in.,     _  — r 

evel  of  the  sea  before  the  upper   ' 
eries   was  deposited    upon    it. 
rbja  may  l>e  apparent  either  in 

Uie  irregularity  of  the  surface  on 

jrbich  the  two  series  are  joined, 

la  some  e^Hdence  of  the  action 

of  waves  such  as  would  he  fur- 
bished by  a  basal  conglomerate 

En  the  upper  series,  or  some  in- 

Idication  of  different  resistance  of 

different  rocks  of  the  lower  series 

(o   attacks  of    the    atmosphere 

upon  them  (Figs.  33  and  35  a-c). 
En  most   cases,  at   least,   the 

lowest    memWr   of    the    upper 

series  will  be  a  different  tj-pe  of 

tock  from  the  uppermost  mem- 
Iber  of  the  lower  series,  hence  the 
■frequent  occ 

'"cordant  cross  bedding  in  sand- 
stone should  not  deceive  even  the  novice  into   the  assumption 

of  an  unconformity. 


HZ 
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A  Soao/  Co/y/tynerafv. 


C.  Ompf^aalon  of  ai/rftxM  ot*/ 
a-  ^t^ak ree/t.ancfpn^*cf>onot 
A—  afrons  recft. 

of    the   dis-   J^O-36- — Typeaotdeoeplivporeroaioi 
uncontormitieB. 
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Reading  Rbfbbbncxs  to  Chaptbb  V 

The  zones  of  fracture  and  flow  :  — 

C.  R.  Van  Hiss.    Principles  of  North  American  Preoambrian  Gtology, 

16th  Ann.  Rept.  U.S.  Geol.  Surv.,  1895,  Pt.  I,  pp.  581-603. 
Bailet  Willis.    Mechanics  of  Appalachian  Structure,  13th  Ann.  Rept 

U.S.  Geol.  Surv.,  1893.  Pt.  II,  pp.  217-253. 
A.  Daubr^e.     Etudes  Synth^tiques  de  Gtologie  Ezp^rimentale.    Paris, 

1879;  pp.  306-328,  pi.  II. 
W.  Prinz.    Quelques  remarques  g6n6nles  h,  propos  de  I'essai  de  carte 

tectonique  de  la  belgique,  etc.,  Bull.  Soc.  Beige  Geol.,  vol.  18,  1901, 

p.  143,  pi.  V. 

Analysis  of  folds :  — 

Van  Hise  and  Willis  as  above ;  de  Mabgerib  et  Heim  ;  Les  di8loea-> 
tions  de  T^corce  terrestre  (in  French  and  German  languages) .  Zurich, 
1888. 

Geological  maps :  — 

Wic.  H.  HoBBs.  The  Mapping  of  the  Crystalline  Schists,  Jour.  GeoL» 
vol.  10,  1902,  pp.  780-792,  858-890. 


I  The  system  of  the  fractures.  —  In  referring  to  experiments  made 
upon  the  fracture  of  solid  blocks  under  compression  (p.  41),  it  was 
shown  that  two  series  of  parallel  fractures  develop  perpendicular 
i;  to  each  free  surface  of 

itfae  block,  and  that 
these  series  are  each  of 
them  inclined  by  half 
I  of  a  right  angle  to  the 
^  direction  of  compres- 
Bion,  and  thus  perpen- 
dicular to  each  other. 
The  fragments  into 
which  a  block  with  one 
free  surface  would  thus 
tend  to  be  divided 
should  be  square  prions 
perpendicular  to  the 
free  surface.  It  would 
ifae  interesting,  if  it  were 
jM-acticable,  to  learn 
from  experiment  how 
these  priams  would  be 
further  fractured  by  a 
Continuation  of  thecom- 
pre^ion.  From  me- 
chanical considerations  involving  the  resolution  of  forces  with  refer- 
ence to  the  ready-formed  fractures,  it  seems  probable  that  the  next 
riea  of  fractures  to  form  would  bisect  the  angles  of  the  first  double 
fries  or  set.     Wherever  rooks  are  found  exposed  in  their  original 


Fio  36 — AsEtaf  maaterjoiDta  developed  ■□  aheJo 
ui>on  Iho  BhofEia  of  CayuBB  Lake  near  ItbacB, 
New  York  (after  U.  S.  G.  3.). 
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attitudes,  they  are,  in 
fact,  seen  to  be  inter- 
sected by  two  paraild 
series  of  fractures 
which  are  peip^K^cu- 
lar  to  the  earth's  sur- 
face and  to  each  other 
and  are  described  as 
joinla.  In  many  cases 
more  than  two  seriesof 
such  fractures  are 
found,  yet  even  in 
these  cases  two  more 
perfectly  developed 
series  are  prominent 
and  almost  exactly 
perpendicular  to  each 

Flo.  37.-Di«BnMi.toBhowhow«jl.of  mMtorjoint.     Ot^^^r  aS  Well  88  tO  the 
differing  ia  directioD  by  bolf  b  lisht  antfe  may     earth's  surface.      This 

abruptly  replace  each  other. 

omnipresent  double  series  or 
set  of  joints  is  tlie  well-known 
set  of  master  joinls,  and  very 
often  it  is  found  developed 
practically  alone  {Fig.  36). 
Over  lai^e  areas,  the  direction 
of  the  set  of  master  joints 
may  remain  practically  con- 
stant, or  this  set  may  quite 
suddenly  give  place  to  a  sim- 
ilar set  which  is,  however, 
turned  through  half  a  right 
angle  from  the  first  (Fig. 
37).  Not  infrequently  two 
such  sets  of  master  joints 
are  found  tC^etber  bisecting  Fio.  38.  — Diagram  to  show  the  different 
each  other's  angles  within  the  ^°';^;"tiooa  of  the  ^ri^^m^^  two 
°  double  aeta  of  muter  jomta,  and  in  a,  a,  a 

same     rocks,    and     to     them         additional  disorderly  fractuiM. 
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are  sometimes  added  additional  though  less  perfect  series  of  joint 
planes. 

Studied  throughout  a  considerable  district,  the  various  series 
vhich  mnk'"'  uji  ihc^f  livo  sKv  of  nin'^li-r  jnint'^  may  hr  soon  looally 


I 


developed  in  different  combinations  as  well  as  in  association  with 
additional  fissure  planes  which  are  not  easily  reduced  to  any  simple 
taw  of  arrangement 
(Fig.  38  a,  a,  a). 
Only  rarely  are  reg- 
ular joint  series  ob- 
served which  do  not 
stand  perpendicular 
to  the  original  atti- 
tude of  the  rock 
beds.  Inafewlocal- 
itira,  however,  rec- 
tangular joint  seta 
have  been  discov- 
ered which  divide 
the  rock  into  prisms 
parallel  to  the 
earth's  surface  and 
with  the  joint  series  inclined  to  it  each  by  half  a  right  angle. 
Where  the  rock  beds  have  been  much  disturbed,  the  complex  of 


1 


Ftii.  40.  —  Vii'iv  o(    nil  p"i|iiisi-ii  liiDsidc  ill  Icelomi  upon 

which  the  Hnow  collected  in  crannivB  along  the  joint*  I 

briogs  out  to  advantage  both  Ihe  larjcer  and  the  BCnaUer  I 

intervals  of  the  joint  ayatem  [after  Thoroddaenl-  i 
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joints  may  be  such  as  to  defy  all  attempts  at  orderly  arrange- 
ment, 

The  space  intervale  of  joints.  The  same  kind  of  subequal  spac- 
ing whicL  characterizes  the  fractures  near  the  surface  of  the  block 
in  Daubr^e's  experiment  (Fig.  19,  p.  41)  is  found  simulated  by  the 
rock  joints  (Fig.  39).  Such  unit  intervals  between  fractures  any 
be  grouped  together  into  larger  units  which  are  separated  by  frac- 
tures of  unusual  perfection.  We  may  think  of  such  larger  space 
units  as  having  the  smaller  ones  superimposed  upon  them  (Fig.  40). 

The  displacements  upon  joints  —  faults.  —  In  the  vast  majority 
of  eases,  the  joint  fractures  when  carefully  examined  betray  no 
evidence  of  any  appreciable  movement  of  the  two  walls  upon  each 
other.  Generally  the  rock  layers  are  seen  to  cross  the  joints  with- 
out apparent  displacement.  Joints  are  therefore  planes  of  dis- 
junction only,  and  not  planes  of  displacement. 

Within  many  districts,  however,  a  displacement  may  be  seen 
to  have  occurred  upon  certain  of  the  joint  planes,  and  these  are 
then  described  as  faults.     Such  displacements  of  necessity  imply 


FlQ.  41.  —  Fnultpd  biopkaiit  baaaJl  divided  by  jointu  near  Woodbury.  Connoctiput. 
To  show  Iht:  atructurt  of  the  rock,  some  of  tie  foliace  has  been  removed  in  prepar- 
ing the  sketch  from  a  photograph. 

a  differential  movement  of  sections  or  blocks  of  the  earth's  crust, 
the  so-called  orographic  blocks,  which  are  bounded  by  the  joint 
planes  and  play  individual  r61es  in  the  movement.  A  simple  case 
of  such  displacements  in  rocks  intersected  by  a  single  set  of  mas- 
ter joints  is  represented  in  the  model  of  plate  4  C.  The  most  promi- 
nent fault  represented  by  this  model  runs  lengthwise  through  the 
middle,  and  the  displacement  which  is  measured  upon  it  not  only 
varies  between  wide  limits,  but  is  marked  by  abrupt  changes  at 
the  margins  of  the  larger  blocks.     This  vertical  displacement  upon 
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the  fault  is  called  its  throw.    Though  not  illustrated  by  the  model, 
borizontal  displacements  may  likewise  occur,  and  these  will  be    i 
tnore  fully  discussed  when  the  subject  of  earthquakes  is  considered 
in  the  following  chapter.     An  actual  example  of  blocks  displaced 
by  vertical  adjustment  is  represented  in  Fig.  41,  a  simple  type  of 
faulting  which  has  taken  place  in  rocks  but  slightly  disturbed  from 
their  original  attitude,  but  intersected  by  a  relatively  simple  sys- 
tem of  master  joints.     In  those  regions  where  the  beds  have  been    i 
folded  and  perhaps  overthrust  before  their  elevation  into  the  zone    j 
of  fracture,  and  which  are  further  intersected  by  disorderly  fissure 
planes,   the  results  are  far  more  complex.     In  such   cases  the    | 
planes  of  individual   displacement  -may  not  be  vertical,  though    > 
they  are  generally  steeper  than  45".     For  their  description  it  is 
necessary  to   make   use  of  addi- 
tional technical   terms   (Fig.  42), 
The  inclination  of  a  sloping  fault 
plane   measured  against  the  ver- 
tical is  called  the  hade  of  the  fault. 
The  total  displacement  Js  measured 
along  the  plane  of  the  fault  from  a 
point  upon  one  limb  to  the  point 
from  which  it  was  separated   in   Fio.  «.— a  fault  in  p^Bl^ou8iy  dis- 
the  other.     The  additional  terms      t'"'*''  »"■»"■   •*«■  displ«™meiii ; 
are  made  sufficiently  clear  by  the 
diagram. 

Hethodsof  detecting  faults.  —  The  first  efifect  of  a  fault  is  usually    I 
to  produce  a  crack  at  the  surface  of  the  earth ;  and,  provided  there 
b  a  vertical  displacement  or  throw,  an  escarpment  which  rises 
upon  the  upthrown  aide  of  the  fault.     In  general  it  may  be  said 
that  escarpments  which  appear  at  the  earth's  surface  as  plane 
surfaces  probably  represent  planes  of  fracture,  though  not  nece»- 
Barily  planes  of  faulting.     In  many  cases  the  actual  displacements 
lie  buried  under  loose  rock  dfibris  near  to  and  paralleling  the  es- 
carpment, and  in  some  cases  as  a  result  of  the  erosional  processes   \ 
working  upon  alternately  hard  and  soft  layers  of  rock,  the  escarp- 
ment may  later  appear  upon  the  downf  hrown  side  or  limb  of  the  I 
fault   (Fig.  43).     As  an  illu,stration  of  a  fault  escarpment,  the  I 
facade  of  El  Capitan  and  many  other  rock  faces  of  the  Yoaemite  \ 
valley  may  be  instanced.  j 
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Fio.  43.  —  Diagruaia  to  show  how 
UD  esciirpiiiPDt  originally  oa  the 
upthrown  aide  of  the  fault  may. 
throu^ih  L-ioeioti,  ap[)CBr  upon  tho 
(lownthrowQ  side. 


When  we  have  further  studied  the  erosional  processes  at 
earth's  surface,  it  will  be  appreciated  that  faults  tend  to  quickly 
bury  themselves  from  sight,  wheiv- 
as  fold  structures  will  long  remsin 
in  eviilenee.  Many  faults  will  thus 
be  overlooked,  and  too  great  weight 
is  likely  to  be  ascribed  to  the  folds 
in  accounting  for  the  existing  atti- 
tudes and  positions  of  the  rock 
masses.  Faults  must  therefore  be 
sought  out  if  mistakes  of  interpreta- 
tion are  to  be  avoided. 

The  most  satisfactory  evidence  of 
a  fault  is  the  di3?overy  of  a  rock  bed 
which  may  be  easily  identified,  and 
which  is  actually  seen  displaced  on 
a  plane  of  fracture  which  intersects 
it  (Fig.  42,  p.  59).  When  such  an 
easily  recognizable  layer  is  not  to  be 
found,  the  plane  of  displacement 
may  perhaps  be  discovered  as  a  narrow  zone  composed  of  angular 
fragments  of  the  rock  cemented  together  by  minerals  which  ft 
out  of  solution  in  water.  Such  a  fractured  rock  zone  wl 
follows  a  ])lanc  of  faulting  is 
a  fauU  breccia.  If  the  fault 
breccia,  or  vein  rock,  is  much 
stronger  than  the  rock  on 
either  side,  it  may  eventually 
stand  in  relief  at  the  surface 
like  a  dike  or  wall.  At  other 
times  the  displacement  pro- 
duces little  fracture  of  the 
walls,  but  they  slide  over  each 
other  in  such  a  manner  as  to 
jield  either  a  smoothly  cor- 
rugated or  an  evenly  polished 
surface  which  is  described  as 
"  slickensidea."  It  may  l>e, 
however,  that  durmg  the  move- 
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ment  cither  one  or  both  of  the  walla  have  "  dragged,"  and  so  are 
curled  back  in  the  immediate  neighborhood  of  the  fault  plane 
(Fig.  44). 

When,  as  is  quite  generally  the  case,  the  actual  plane  of  dis- 
placement of  a  fault  is  not  open  to  inspection,  the  movement  may 
be  proven  by  the  observation  of 
abrupt,  as  contrasted  with  grad- 
ual, changes  in  the  strikes  and  dips 
of  neighboring  exposures  (Fig.  45) ; 
or  by  noting  that  some  easily  rec- 
ognized formation  has  been 
sharply  offset  in  its  outcrops  {Fig. 
46). 

There  are  in  addition  many  in- 
dications rather  than  proofs  of  the 
presence  of  faults,  which  must  be 
taken  account  of  in  every  general 
study  of  the  geology  of  a  district. 
Thus  the  outcrops  of  all  neighbor- 
ing formations  may  terminate 
abruptly  upon  a  straight  line  which 
intersects  all  alike.  Deep-seated 
fissure  springs  may  be  aligned  in 


a  striking  manner,  and  s 


Fw.  45.  —  Map  to  show  how  b  fault 
may  be  indii^ated  ID  abrupt  chaDgea 
of  the  strike  and  dip  of  DeighboHiiB 


indicate 
the  course  of  a  prominent  fracture, 
though  not  necessarily  of  a  fault. 
Much  the  same  may  be  said  of  the 
dikes  of  cooled  magma  which  have 
been  injected  along  preexisting  frac- 
tures. 

The  base  of  the  geological  map. 
Modem  topographic  maps  form  an  im- 
portant part  of  the  liliraryof  the  serious 
student  of  phy.'iiography ;  they  are  the 
gazetteer  of  this  liranoh  of  science. 
Every  civilized  nation  has  to-day  either  completed  a  topographic 
atin.-!  of  its  territory,  or  it  is  vigorously  prosecuting  a  survey  to 
furnish  maps  which  represent  the  relief  with  some  detail,  and  pub- 
lishing the  results  in  the  form  of  an  atlaa  of  quadrangles.     Thus 


Flo.  40.  —  A  Kri«  of  parallel 
laulls  iiuiimtcd  by  suceeaaivB 
nflaels  Id  the  coune  of  an 
ciuiily  recogniiable  rock  for* 
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a  relief  map  will  erelong  be  obtainable  of  any  part  of  the  civilised 
world,  and  may  be  purchased  in  separate  sections.  Nowhere  is  this 
work  being  taken  up  with  greater  vigor  than  in  the  United  States, 
where  a  vast  domain  representing  every  type  of  topographic  pecul- 
iarity is  being  attacked  from  many  centers.  Here  and  elsewhere 
the  relief  of  the  land  is  being  expressed  by  so-called  contours  or 
lines  of  equal  altitude  upon  the  earth's  surface.  It  is  as  though 
a  series  of  horizontal  planes,  separated  by  uniform  intervals  of  20 
or  40  or  100  feet,  had  been  made  to  intersect  the  surface,  and  the 
intersection  curves,  after  consecutive  numeration,  had  been  dropped 
into  a  single  plane  for  printing. 

Where  the  slopes  are  steep,  the  contour  lines  in  the  topographic 
map  will  appear  crowded  together  and  so  produce  a  deep  shade 
upon  the  map ;  whereas  with  relatively  flat  surfaces  white  patches 
will  stand  out  prominently  upon  the  map.  More  and  more  the 
topographic  map  is  coming  into  use,  and  for  the  student  of  nature 
in  particular  it  is  important  to  acquire  faciUty  in  interpreting  the 
relief  from  the  topographic  map.  To  further  this  end,  a  special 
model  has  been  devised,  and  its  use  is  described  m  appendix  C. 
Usually  before  any  satisfactory  geological  map  can  be  prepared, 
a  contoured  topographic  map  of  the  district  to  be  studied  must 
be  available. 

The  field  map  and  the  areal  geological  map.  —  As  the  atlas  of 
topographic  maps  is  the  physiographic  gazetteer,  so  geological 
maps  together  constitute  the  reference  dictionary  of  descriptive 
geology.  Not  only  are  topographic  maps  of  many  districts  now 
generally  available,  but  more  and  more  it  has  become  the  policy 
of  governments  to  supply  geological  maps  in  the  same  quadrangle 
form  which  is  the  unit  of  the  topographic  map.  The  geological 
map  is,  however,  a  complex  of  so  many  conventional  symbols, 
that  without  some  practical  experience  in  the  actual  preparation 
of  one,  it  is  exceedingly  difficult  for  the  student  to  comprehend 
its  significance.  A  modern  geological  map  is  usually  a  rectangular 
sheet  printed  in  color,  upon  which  are  many  irregular  areas  of  in- 
dividual hue  joined  to  each  other  like  the  parts  of  a  child's  pic- 
ture puzzle. 

The  colored  areas  upon  the  geological  map  are  each  supposed 
to  indicate  where  a  certain  rock  type  or  formation  lies  immediately 
below  the  surface,  and  this  distribution  represents  the  best  judg- 
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meet  of  the  geologist  who,  after  a  study  of  the  district,  has  prepared 
the  map.  Unfortunately  the  conventions  in  use  are  such  that  his 
obser\-ation  and  his  theory  have  been  hopelessly  intermingled 
in  the  finished  product.  Armed  with  the  geological  map,  the 
student  who  visits  the  district  finds  spread  out  before  him,  it  may 
be,  a  landscape  of  bill  and  valley,  of  green  forest  and  brown  farming 
land,  which  is  as  different  as  may  be  from  the  colored  puzzle  which 
he  holds  in  his  hand.  Hidden  under  the  farm  vegetation  or  masked 
by  the  woods  are  scattered  outcroppings  of  rock  which  have  been 
the  basis  of  the  geologist's  judgment  in  preparing  the  map,  Ex- 
perience shows  that  in  order  to  bridge  the  wide  gap  between  the 
geology  in  the  landscape  and  the  patches  of  color  upon  the  map 
something  more  than  mere  examination  of  the  colored  sheet  is 
necessary.  We  shall  therefore  describe,  with  the  aid  of  laboratory 
models,  the  various  stages  neces.'jary  to  the  preparation  of  a  geo- 
logical map,  and  every  student  should  be  advised  to  follow  this  by 
practical  study  of  some  small  area  where  rocka  are  found  in  out- 
crop. 

Though  the  published  areal  geological  map  represents  both  fact 
and  theory,  the  map  maker  retains  an  uupublishe^l  field  viap  or 
map  of  observations,  upon  which  the  final  map  has  been  based. 
This  field  map  shows  the  location  of  each  outcrop  that  has  been 
studied,  with  a  record  of  the  kind  of  rock  and  of  such  observations  ■ 
as  strike,  dip,  and  pitch.  Our  task  will  therefore  be  to  prepare : 
(1)  a  field  map ;  (2)  an  areal  geological  map ;  and  (3)  some  typical 
geological  sections. 

Laboratory  models  for  the  study  of  geological  maps.  —  In  order 
to  represent  in  the  laboratory  the  disposition  of  rock  outcrops 
in  the  field,  special  laboratory  tables  are  prepared  with  removable 
covers  and  with  fixed  tops,  which  are  divided  into  squares  num- 
bered like  the  township  sections  of  the  national  domain  (Fig.  47). 
To  represent  the  rock  outcrop.'j,  blocks  are  prepared  which  may 
be  fixed  in  any  desired  position  by  fitting  a  pin  into  a  small  aiigup 
hole  bored  through  the  table.  The  outcrop  blocks  for  the  sedi- 
mentary rock  types  are  so  constructed  as  to  show  the  strike  and 
dip  of  the  beds.     (See  Appendix  D,) 

The  method  of  preparing  the  map. — To  prepare  the  map,  use 
is  made  of  a  geological  corapa.ss  with  clinometer  attachment,  a 
protractor,  and  a  map  base  divided  into  sections  like  the  top  of 


1 


«b 


64 


EARTH  FEATURES  AND  THEIR  MEANING 


the  table,  and  on  the  scale  of  one  inch  to  the  foot.  Each  exposure 
represented  upon  the  table  is  "  visited  "  and  then  located  upon  the 
base  map  in  its  proper  position  and  attitude.  The  result  is  the 
field  map  (Fig.  47),  which  thus  represents  the  facts  only,  unless 


Via.  47.  —  Field  map 

there  have  been  uncertainties  \n  the  correlation  of  exposures  at 
in  determining  the  position  of  the  bedding  plane. 

To  prepare  the  areal  geological  map  from  the  field  map,  it  is 
first  necessary  to  fix  the  boundaries  which  separate  formations  at 


l^T^ 


*of  Fig.  4".«ithM 


the  surface ;  and  now  perhaps  for  the  first  time  it  is  realized  how 
large  an  element  of  uncertainty  may  enter  if  the  exposures  were 
widely  separated.  It  is  clear  that  no  two  persons  will  draw  these 
lines  in  the  same  positions  throughout,  though  certain  portions 
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of  them  —  where  the  facts  are  more  nearly  adequate  —  may  cor-  | 
respond.     In  Fig.  48  is  represented  the  areal  geological  map  con- 
structed from  the  field  map,  with  the  doubtful  area  at  one  side  left  I 
blank. 

Some  conclusions  from  this  map  may  now  be  profitably  con- J 
sidered.     The  complexly  folded  sandstone  formation  at  the  left  ^ 
of   the  map  appears  as  the  oldest  member  represented,  since  its  I 
area  has  been  cut  through  by  the  intrusive  granite  which  does  not  J 
intrude  other  formations,  and  is  unconformably  overlaid  by  the  , 
hmestone  and  its  basal  layer  of  conglomerate.     The  limestone  in 
turn  is  unconformably  overlaid  by  the  merely  tilted  sandstone 
beds  at  the  right  of  the  map.     These  three  sedimentary  forma- 
tions clearly  represent  decreasing  amounts  of  close  folding,  from 
which  it  is  clear  that  each  earlier  formation  ha.s  passed  through 
an  episode  not  shared  by  that  of  next  younger  age.     Of  the  other 
intrusive  rocks,  the  dike  of  porphyry  is  younger  than  all  the  other 
formations,  with  the  possible  exception  of  the  upper  sandstone. 
Offsetting  of  the  formations  has  disclosed  the  course  of  a  fault, 
and  from  its  relations  to  the  dikes  we  may  learn  that  of  these  the 
porphyrj'  is  younger  and  the  basalt  older  than  the  date  of  the  I 
faulting. 

The  dashed  lines  upon  the  map  (.45  and  CD)  have  been  selected  j 
aa  appropriate  lines  along  which  to  construct  geological  sectiona  J 
(Fig.  48,  below  map),  and  from  these  sections  the  exposed  thick- 
nesses of  the  different  formations  may  be  calculated.  In  one  in-  j 
dtanee  only,  that  of  the  conglomerate,  can  we  be  sure  that  this  | 
exposed  thickness  measures  the  entire  formation. 

Fold  versus  fault  topography.  —  The  more  resistant  or  "  stronger  " 
rock  beds,  as  regards  attacks  of  the  atmosphere,  in  the  course 
of  time  come  to  stand  in  relief,  separated  by  depressions  which 
overlie  the  "  weaker  "  formations.  Simple  open  folds  which  are 
not  plunging  exercise  an  influence  upon  topography  by  producing 
generally  long  and  straight  ridges.  More  complex  flexures,  since 
they  generally  plunge,  make  themselves  apparent  by  features 
which  in  the  map  are  represented  by  curves.  Fracture  structures,  , 
and  especially  block  displacements,  are  differentiated  from  these 
curving  features  by  the  dominance  of  straight  or  nearly  rectilinear  , 
lines  upon  the  map.  The  effect  of  erosion  is  to  reduce  the  asperity 
of  features  and   to  mold  them  with  Sowing  curves.     The  f rso<  j 
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ture  structures  are  for  this  reason  much  more  likely  to  be  over- 
looked, and  if  they  are  not  to  elude  the  observer,  they  must  be 
sought  out  with  care.  Fold  and  fracture  structures  may  both  be 
revealed  upon  the  same  map. 

Reading  References  to  Chapter  VI 
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John  Phillips.  Observations  made  in  the  Neighborhood  of  Ferrybridge 
in  the  Years  1826-1828,  Phil.  Mag.,  2d  ser.,  vol.  4,  1828,  pp.  401-409; 
Illustrations  of  the  geology  of  Yorkshire,  Pt.  II,  The  Limestone  Dis- 
trict.    London,  1836,  pp.  90-98. 

Samuel  Haughtgn.  On  the  Physical  Structure  of  the  Old  Red  Sand- 
stone of  the  County  of  Waterford,  considered  with  reference  to  cleav- 
age, joint  surfaces,  and  faults.  Trans.  Roy.  Soc.  London,  vol.  148, 
1858,  pp.  333-348. 

W.  C.  Brogqer.  Spaltenverwerfungen  in  der  Gegend  Langesund-SkieiL, 
Nyt  Magazin  for  Naturvidemskabeme,  vol.  28, 1884,  pp.  253-419. 

Wm.  H.  Hobbs.  The  Newark  System  of  the  Pomperaug  Valley*  Con- 
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Geological  map :  — 
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Earthquakes  are  the  seoBible  manifestations  of  changes  in  levd 
or  of  lateral  adjustments  of  portions  of  the  continents,  and  the 
seismic  disturbances  upon  the  sea  —  seaquakes  and  seismic  sea 
waves  —  relate  to  similar  changes  upon  the  floor  of  the  ocean. 

During  the  grander  or  catastrophic  earthquakes,  the  changes 
are  indeed  terrifying,  and  have  usually  been  accompanied  by  losses 
to  life  and  property,  which  are  only  to  be  compared  with  those  <d 
great  conflagrations  or  of  inundations  on  thickly  populated  plains. 
The  conflagration  has  all  too  frequently  been  an  aftermath  of 
the  great  historic  earthquakes.  The  earthquake  of  December  28, 
1908,  in  southern  Italy,  destroyed  almost  the  entire  population  c^ 
a  great  city,  and  left  of  its  massive  buildings  only  a  confused  heap 
of  rubble  (Fig.  49).  Two  years  later  a  heavy  earthquake  resulted 
in  great  damage  to  cities  in  Costa  Rica  (Fig.  50),  while  two  yean 


Fio.  50.  — Rums  of  the  CarDemp  Palace  of  Peace  at  Cartago,  Costa  Rica,  de- 
stroyed when  almoat  complPtcd  bj  the  great  earthquake  of  May  4,  1910  (aftw 
8  photograph  by  Rear  \da>  ral  'dinger   V  SS  ) 


earlier  our  own  country  was  first  really  awakened  to  the  danger 
in  which  it  stands  from  these  convulsive  earth  throes;  though,  as 
we  shall  see,  these  dangers  can  be  largely  met  through  proper 
methods  of  construction. 

Earthquakes  are  usually  preceded  for  a  brief  instant  by  sub- 
terranean rumblings  whose  intensity  appears  to  bear  no  relation 
to  the  shocks  which  follow.    The  ground  then  rocks  in  wavclike 


EARTHQUAKEa  AND  SEAQUAKES 


69    ' 


motions,  which,  if  of  large  amplitude,  may  induce  nausea,  prevent 
animals  from  keeping  upon  their  feet,  and  wreck  all  structures  , 
not  specially  adapted  to  withstand  them.     Heavy  bodies  are  son 
timea  thrown  up  from  the  ground  (Fig.  51),  and  at  other  tiraea 


sinular  heavy  masses  are,  apparently  because  of  their  inertia,  more 
deeply  imbedded  in  the  earth.  Thus  gravestones  and  heavy  stone 
posta  are  often  sunk  more  deeply  in  the  ground  and  are  surrounded 
by  a  hollow  and  perhaps   by  small  ^m— 

open  cracks  in  the  surface  (Fig.  52}.  ^H  *■—:;:!» 

When  bodies  are  thrown  upward,  it  ^^^j^^B^^___  ('BB'?' 
would  imply   that   a  quick  upward  B^|^H^|K      -'^^^•' - 
movement  of  the  ground  had  been  fiq.  52. 
suddenly    arrested,   while  the  burial 
of  beav}'  bodies  in  the  earth  is  prob- 
ably   due    to    a    movement    which 
begins  suddenly  and  is  less  abruptly  terminated. 

Seaquakes  and  seismic  sea  waves. —  Upon  the  ocean  the  quakes 
which  emanate  from  the  sea  floor  are  felt  on  shipboard  as  sudden 
joltings  which  produce  the  impression  that  the  ship  has  struck  upon 
a  shoal,  though  in  most  instances  there  is  no  visible  commotion  in 


I 


eBvy  post  sunk  deeper 
into  the  ground  during  ths 
Charleston  earthquake  of  Auguat 
31.  1886  (after  Dutlon). 
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the  water.  The  distribution  of  these  shocks,  as  iodicated  Mther 
by  the  experiences  of  neighboring  ships  at  the  time  of  a  particular 
shock,  or  by  the  records  of  vessels  which  at  different  times  bxn 
sailed  over  an  area  of  frequent  seismic  disturbance,  appears  to  be 
,  ,      .  limited  to  narrow  zones  or  lines  (fig. 

*  *  /  I'M  _^"-**(.a.^  53).  The  same  tendency  of  underwa 
disturbances  to  be  localized  ufxtn  defi- 
nite strught  lines  has  been  often  illus- 
trated by  the  behavior  of  dee^>-fln 
cables  which  are  laid  in  proximity  to 
one  another  and  which  have  been 
known  to  part  simultaneously  at  pointB 

no.  S3.-Map  ahowfng  the  1,^  r*°B«*  "PO''  »  ^t^S^*  ^^■ 
«^tiea  at  which  ahocka  have      Far  grander  disturbances  upon  Um 
been  reported  at  sea  off  Capo  floor  of  the  ocean  have  been  revealed 
Mendocino,  California.  i_      ^l  i  _  _        il  h  j 

by  the  great  sea  waves  —  the  so-called 
"  tidal  waves,"  properly  referred  to  as  tminamta  —  which  recur  in 
those  sea  districts  which  adjoin  the  special  earthquake  tones  upon 
the  continents  (p.  86).    The  forerunner  of  such  a  sea  wave  approach-  ' 


ing  the  shore  is  usually  a  sudden  withdrawal  of  the  water  so  as  to 
lay  bare  a  portion  of  the  bottom,  but  this  is  well-recc^piized  to  be 
the  premonition  of  a  gigantic  oncoming  wave  which  sweeps  all  before 
it  and  is  only  halted  when  it  has  roiled  over  all  the  low-lying  coun- 
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id  encountered  a  mountain  wall.  Such  seismic  waves  have 
been  especially  common  upon  the  Pacific  shore  of  South  America 
and  upon  the  Japanese  littoral  (Fig.  54).  These  waves  proceed 
from  above  the  great  deeps  upon  the  ocean  bottom,  and  ciearly 
result  from  the  grander  earth  movements  to  which  these  depres- 
sions owe  iheir  exceptional  depth.  The  withdrawal  of  the  water 
from  neighboring  shores  may  be  presumed  to  be  connected  with 
a  descent  of  the  floor  of  the  depression  and  the  consequent  draw- 
ing-in  of  the  ocean  surface  above.  The  later  high  wave  would 
thus  represent  the  dispersion  of  the  mountain  of  water  which  ia 
raised  by  the  meeting  of  the  waters  from  the  different  sides  of  the 
depression. 

The  grander  and  the  lesser  earth  movements.  ~~  Upon  the 
land  the  grander  and  so-called  catastrophic  earthquakes  are 
usually  the  accompaniment  of  important  changes  in  the  sur- 
face of  the  ground  that  will  be  discussed  in  later  sections. 
Those  shocks  which  do  little  damage  to  structures  produce  no 
visible  changes  in  the  earth's  surface,  except,  it  may  be,  to  shake 
down  some  water-soaked  masses  of  earth  upon  the  steeper  slopes. 
Still  other  movements,  and  these  too  slight  to  be  felt  even  in 
the  night  when  the  animal  world  is  at  rest,  may  yet  be  distin- 
guished by  their  sounds,  the  unmistakable  rumblings  which  are 
characteristic  alike  of  the  heaviest  and  the  lightest  of  earth- 
quake shocks. 

Changes  io  the  earth's  surface  during  earthquakes  —  faults  and 
fisBores.  ^ — Each  of  the  grander  among  historic  earthquakes  has 
been  accompanied  by  noteworthy  changes  in  the  configuration  of 
the  earth's  surface  within  the  district 
where  the  shocks  were  most  intense. 
A  section  of  the  ground  is  usually 
found  to  have  moved  with  reference  to 
another  upon  the  other  side  of  a  verti- 
cal plane  which  is  usually  to  be  seen; 
we  have  here  to  do  with  the  actual 
making  of  a  fault  or  displacement  such 
as  we  find  the  fossil  examples  of  within  Fiq.  55.  — A  fault  of  vcrtiiial 
thorocks.    The  displacement,  or  throw,  diapla^emcDt. 

upon  the   fault  plane   may   be  either   upward  or  downward  or 
Jaterally  in  one  direction  or  the  other,  or  these  movements  may  be 
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combined.     A   movement   of   adjacent   sections   of    the  groi 
upward  or  downward  with  n 
ence  to  each  other  (Fig.  £ 
been   often   observed, 
at  Midori  after  the  i 
anese  earthquake  of  1 
in  the  Chedrang  valley  of  4 
aft«r   the  eartliquake   < 
(Pig.  50). 
A    lat«ral    throw. 

Fin.  56.  —  Eacarpment  produced  by  mi     panied    by  appreciable  1 
earthquake  f«ult  ot  vertic.1  displ^..^    displacement  {Fig.  57),  i 

meDt  which  cut  acroBB  the  uhedTHhic        _    ■_  ^      o  ** 

River  and  thiw  produwri  a  wmcrfttll.    cially   well   illustrate 

Assam  cartliquake  of  1897  (lifter  R,  D.      fault    in    California 

'^""'"°'-  formed  during  the 

of  1006  (Fig.  58).     A  combination  of  the  two  types, 
ment  in  one  (Fig,  59)  i.?  exempii- 


FiG.  58.  —  FenMpart«l  and  displin.«l 
fifteen  diet  liy  a  tranavi^rsc  fiull 
forniBd  during  the  CoUFomia  mtUi- 
quiikc  ot  1906  (after  W.  B.  Soott). 


Flo.  57.  —  Afaultof  lateral  displaccmcut. 

fied  by  the  Baishiko  fault  of 
Formosa  at  the  place  shown  in 
plate  3  A. 

The    measure    of    displacement.  —  To 

afford  some  measure  of  the  disjjlacements 
which  have  been  observed  upon  earth- 
quake faults,  it  may  be  stated  that  the 
maximum  vertical  throw  measured  upon 
the  fault  in  the  Nco  valley  of  Japan  (1891) 
was  IS  feet,  in  the  Chedrang  valley  of 
Assam  (1897)  35  feet,  and  of  the  Alaskan 


vertioui  uikI  lalcral  di«- 

■                                     plflpemeiits  pomliintd  (after  Omori 

1         ^-..   ^ 

fl 
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^^B9llB^^UB>[^a 
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most  a  few  minutes,  by  the  amounts  given.  The  largest  re- 
eorded  lateral  displacement  measured  upon  an  earthquake  fault 
b  about  21  feet  upon  the  California 
lift  after  the  earthquake  of  1906; 
though  an  amount  only  slightly  less 
than  this  is  indicated  in  the  shifting 

ttf  roads  and  arroyas  dating  from  the 

earthquake  of  1872  in  the  Owens  valley, 

California.   Fault  hues  once  entablished 

are   planes   of   special   weakness   and 

become    later   the    seat   of    repeated 

movements  of  the  same  kind. 

Tlie  greater  number  of  earthquake 

faults  are  found  in  the  loose  rock  e 


which  so  generally  mantles  the  firmer  ^"'-  '"'■     Dunrau 
lock  basement,  and  it  is  almost  certain 


nieot  may  Iw  masked 
surface    tbrough    adjiislmeii 
wit  bin  th[]  lixiBe  rock  mtuitle. 


tha 


that  the  throws  within  the  solid  rock 
are  considerably  larger  than  those 
which  are  here  measured  at  the  surface,  awing  to  the  adj'ustmenta 
which  so  readily  take  place  in  the  looser  materials.  Those  lighter 
shocks  of  earthquake  which  are  accompanied  by  no  visible  dis- 
placements at  the  surface  do, 
however,  in  some  instances  affect 
_  ,  ^  in  a  measure  the  flow  of  water 
^^i=-^  upon  the  surface,  and  thus  indi- 
cate that  small  changes  of  sur- 
face level  have  occurred  without 
breaks  sufficiently  sharp  to  be 
perceived  (Fig.  60).  Intermedi- 
ate between  the  steep  escarpment 
and  the  masked  displacement 
just  described  is  the  so-called 
"mole-hill"  effect, ^ — -a  rounded 
Fio.  61.  — Diagriiin  ioBhowthpap[>»ar-  and  variously  cracked  slope  or 
uiw  of  a  "molp  hill"  above  a  buried  ridge  above   the    po.sition    of    a 

c.rlhauak«  fault  (atler  Kot6>.  ^^^^.j^^,  f^^^jj   (pj^    gjj 

The  escarpments  due  to  earthquake  faults  in  loose  materials 
at  the  earth's  surface  can  obviously  retain  their  steepness  for  a 
few  years  or  decades  at  the  most ;  for  because  of  their  verticality 
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they  must  gradually  disappear  in  rounded  alopea  mid^  the  actioo 
of  the  elements  Smaller  displacement  within  a  rock  whieh 
rapidly  disintegrates  imder 
the  action  of  frost  and  sun 
"*  will  likewise  before  long  be 
effaced.  In  those  excep- 
tional instances  where  a 
resistant  rock  type  has  bad 
all  altered  upper  layers 
planed  away  until  a  fresh 
and  hard  surface  is  ex- 
posed, and  has  further 
V  been   protected  from  the 

—  Post-glaciBl  earthquake  lautta  of  small  froSt  and  mi"  beneath  A 
thin  layer  of  soil,  its  oii^- 
nal  surface  may  be  re- 
tained unaltered  for  many  centuries.  Upon  such  a  surface  tJw 
lightest  of  sensible  shocks,  or  even  the  smaller  earth  movements 
which  are  not  perceived  at  the  time,  may  leave  an  ahnost  indeliUe 
record.  Such  records  particu- 
larly show  that  the  movements 
which  they  register  occur  upon 
the  planes  of  jointing  within  the 
rock,  and  that  these  ready 
formed  cracks  have  probably 
been  the  seats  of  repeated  and 
cumulative  adjustments  (Fig. 
62). 

Contraction    of    the    earth's 
surface   during  earthquakes. —    |^ 
The   wide    variations    ii 
amount  of  the  lateral  displace- 
ment upon  earthquake  faults, 
like  those  opened  in  California 
in  1906,  show  that  at  the  time  of 
a  heavy  earthquake  there  must  ' 
be  large  local  changes  in  the 
density  of  the  surface  materials.     Literally,  thousands  of   fis- 
sures may  appear  in  the  lowlands,  many  of  them  no  doubt  a 
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secondary  effort  of  the  shaking,  but  others,  like  the  qu^bradas  of 
the  southern  Andes  or  the  "  earthquake  cracks  "  in  the  Colorado 
desert  (Fig.  63),  may  have  a  deeper-seated  origin.  Many  facts 
go  to  show,  however,  that  though  local  expansion  docs  occur  in 


BOtne  localities,  a  surface  contraction  is  a  far  more  general  conse- 
quence of  earth  movement.  In  civilized  countries  of  high  indus- 
trial development,  where  lines  of  metal  of  one  kind  or  another  run 
long  distances  beneath  or  upon  the  surface  of  the  ground,  such 
general  contraction  of  the  surface  may  be  easily  proven.     Com- 


r  (lie  t-nrthquuke  of   1801 


ratively  seldom  are  lines  of  metal  pulled  apart  in  such  a  way 
B8  to  show  an  expansion  of  the  surface ;  whereas  bucklings  and 
kinkings  of  the  lines  appear  in  many  places  to  prove  that  the  area 
nithin  which  they  are  found  ha.*,  as  a  whole,  heen  reduced. 

Water  pipes  laid  in  the  ground  at  a  depth  of  some  feet  may  lie 
bowed  up  into  an  arch  which  appears  above  the  surface ;  lines  of 
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curbing  are  raised  into  broken  arches,  and  the  tracks  of 
are  thrown  into  local  loops  and  kinks  which  imply  a  very  consid- 
erable local  contraction  of  the  surface  (Fig.  64).  With  unvarying 
regularity  railway  or  other  bridges  which  cross  rivers  or  ravines, 
if  the  structures  are  seriously  damaged,  indicate  that  the  river 
banks  have  drawn  nearer  together  at  the  time  of  the  disturbance. 

In  such  xBases,  whenever 

the  bridge  girder  has  re- 

j^  mained  in  place  upon  its 

abutments,     these    have 

either  been  broken  or  back- 

3  tilted  as  a  whole  in  such  a 

Fio.  66.  —  Diagrams  to  show  how  the  compree-  manner  aS  to  indicate  9JX 

sion  of  a  district  and  its  consequent  contraction  ^DDroach    of    the    founda- 

during  an  earthquake  may  close  up  the  joint  ,             u*  u                           ^ 

spaces  within  the  rock  basement  and  concen-  tions  wnicn  waS  prevented 

trate  the  contraction  of  the  overlying  mantle  at  the  top  by  the  stiffneSS 

where  this  U  partially  cut  through  and  ao  ^f  ^^^  ^^.j^^  ^p.      ggj 

weakened  m  the  valley  sections.  rm          -       i                  i 

The  simplest  explana- 
tion of  such  an  approach  of  the  banks  at  the  sides  of  the  valley's 
cut  in  loose  surface  material  is  to  be  found  in  a  general  closing  up 
of  the  joint  spaces  within  the  underlying  rock,  and  an  adjust- 
ment of  the  mantle  upon  the  floor  mainly  in  the  valley  sections 
(Fig.  66). 

The  plan  of  an  earthquake  fault.  —  In  our  consideration  of  earth- 
quake faults  we  have  thus  far  given  our  attention  to  the  displace- 


Stml* 
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Fio.  67.  —  Map  of  the  Chedrang  fault  which  made  its  appearance  during  the  ABsam 
carthquuke  of  1897.  The  figures  give  the  amounts  of  the  local  vertical  displace- 
ment measured  in  feet  (after  R.  D.  Oldham). 

ment  as  viewed  at  a  single  locality  only.  Such  displacements  are, 
however,  continued  for  many  miles,  and  sometimes  for  hundreds 
of  miles ;  and  when  now  we  examine  a  map  or  plan  of  such  a  line 
of  faulting,  new  facts  of  large  significance  make  their  appearance. 
This  may  be  well  illustrated  by  a  study  of  the  plan  of  the  Chedrang 
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fault  which  appeared  at  the  time  of  the  Assam  earthquake  of 
1897  (Fig.  67).  From  this  map  it  will  be  noticed  that  the  upward 
or  downward  displacement  upon  the  perpendicular  plane  of  the 
fault  is  not  uniform,  but  is  subject  to  large  and  sudden,  changes.. 
Thus  in  order  the  measiu-ements  in  feet 
are  32,  0,  18,  35,  0,  8,  25,  12,  8,  2,  0. 
The  fault  formed  in  1899  upon  the 
diores  of  Russell  Fjord  in  Alaska  (Fig. 
68)  reveals  similar  sudden  changes  of 
throw,  only  that  here  the  direction  of 
the  movement  is  often  reversed ;  or, 
othermnso  expressed,  the  upthrow  is 
suddenly  transferred  from  one  side  of 
the  fault  to  the  other.  Such  abrupt 
changes  in  the  direction  of  the  dis- 
placement have    been    observed    upon 


.-1^ 


Tta.  69.  —  Abrupt  diange  in  the  direction 
of  Ihrow  uiKiii  an  eartli<|Uitkc  fault  wUrh 
wu  formrxl  in  thi-  Ownns  valley.  Califor- 
nis.  in  1873.  The  obse^cr  Icmkfl  directly 
alonB  the  course  of  the  (ault  horn  the  left 
foreground  to  thp  cliFT  beyond  and  to  the 
led  of  the  impounded  water  (after  a 
photograph  by  W,  D.  Johosoo). 


-i 


Flo.  68.  — Map  Bving  the 
diBpIur<!ments  in  fcot 
measured  along  on  earth- 
quake Fault  formed  in 
Alaska  in  180fl(afterTaiT 
and  MartiaJ. 


many  earthquake  faults,  and  a  particularly  striking  one  is  repre- 
Bent4?d  in  Fig,  69. 

The  block  movements  of  the  disturbed  district.  —  The  displace- 
ments upon  earthquake  faults  are  thus  seen  to  be  subdivided  into 
ieetions,  each  of  which  differs  from  its  neighbors  upon  either  side 
«ntl  is  sharply  separated  from  them,  at  least  in  many  instances, 
These  points  of  abrupt  change  of  displacement  are,  in  many  cases 
at  least,  the  intersection  points  with  transverse  faults  (Fig.  69). 


tm 
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Such  points  of  abrupt  change  in  the  degree  or  in  tlie  direction  of 
the  displacement  may  be,  when  looked  at  from  above,  abrupt 
turning  points  in  the  directioa 
of  extension  of  the  fault,  whose 
course  upon  the  map  appears  as 
a  zigzag  tine  made  up  of  straight 
Bections  connected  by  sharp 
elbows  (Fig.  70). 

Such  a  grouping  of  surface 
faults  as  are  represented  upon 
the  map  is  evidence  that  the 
area  of  the  earth's  shell,  which 
s  included,  has  at  the  time  of 
the  earthquake  been  subject  to 
adjustments  as  a  series  of  sepa- 
rate units  or  blocks,  certain  of 
the  boundaries  of  which  are  the 
fault  lines  represented-  The 
changes  in  displacement  meas- 
ured upon  the  larger  faults 
make  it  clear  that  the  observed 
faults  can  represent  but  a  frac- 
tion of  the  total  number  of 
lines  of  displacement,  the  othera 
being  masked  by  variations  in 
the  compactness  of  the  loose 
mantling  deposits.  Could  we 
but  have  this  mantle  remo%*Ed, 
we  should  doubtless  find  a  rock 
floor  separated  into  parta  like 
an  ancient  Pompeiian  pavement, 
the  indi\-idual  blocks  in  which 
have  been  thrown,  some  upward 
FiQ.70.  — MapofihofBultawithinauarpa  and  some  downward,  byvary- 
o!  tha  Owens  valley.  California,  tornied    -  .  i  .i_ 

inDart  during  the  earthquake  of  1872.     "^g     amounts.         LeSS      than      & 

•nd  in  part  due  to  early  diaturbanceB.  hundred  miles  awfly  to  the  east- 
la  the  western  portions  the  diepiace-  ward  from  the  Owens  vallev.  ft 
mentd  cut  across  Brni  rock  and  alluvial  ,.  r    .\  -  .    i 
depodt.  alike  without  deviation  of  di-  P"^^'""^    "^    ^^"^    pavement    hflS 

roction  (after  a  map  by  W.D.  Johnson),   been  uncovered  in  the  extensive 


operations  of  the  Tonapah  Min- 
ing District,  so  that  there  we 
may  study  in  all  ita  detail  the 
elaborate  pattern  of  earth  mar 
quetry  (Fig.  71)  which  for  the 
Soor  of  the  Owens  valley  la  as 
yet  denied  us. 

The  earth  blocks  adjusted 
dnring  the  Alaskan  earthquake 
of  1899.  —  For  a  study  of  tht 
adjustments  which  take  place 
between  neighboring  earth  blocks 
during  a  great  earthcjuake,  the 
recent  Alaskan  disturbance   has 


Flu.  71.  — Maniii.-try  ol  the  rock  floor 
»[  tha  Tonapah  Mming  District, 
Nevada  (aft<.T  Siiurr). 

offered  the  advantage 
that  the  most  affected 
district  was  upon  the 
seacoast,  where  changes 
of  level  could  be  referred 
to  the  {latum  of  the  sea's 
surface.  Here  a  great 
island  and  large  sections 
of  the  neighboring  shore 
underwent  movements 
both  aa  a  whole  in  large 
blocks  and  in  adjust- 
ments of  their  subordi- 
nate parts  among  them- 
selves  (Fig.  72).  Some 
sections  of  the  coast  were 
here  elevated  by  as  much 
as  47  feet,  while  neigh- 
boring sections  were  up- 
lifted byamallcr  amounts 
(Fig.  73),  and  certain 
smaller  sections  were 
_  ,  even  dropped  below  the 

Flo.  72.  —  Mnii  oT  a  v^irlion  of  the  Alaskan  coaat  to    ,         ,        ,  ",  _, 

riiow  the  adjuBtroeuts  in  level  dariD,  the  earth-   1^™    <>'    t^^   sea.      The 
qiuke  of  1S99  (after  ToTF  and  Martin).  amount  of  SUCh  SUbsid- 
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ence  is,  however,  difficult  to  ascertain,  for  the  reason  that  the 
former  shore  features  are  now  covered  with  water  and  thus  removed 
from  observation.  In  favor- 
able localities  the  miniinuui 
amount  of  submergence  maj' 
sometimes  be  measured  upon 
forest  trees  wlui-h  are  now 
flooded  with  sea  water.  In 
Fig.  74  a  portion  of  the 
coast  is  represented  where 
the  beach  sand  is  now  ex- 
tended back  into  the  spruce 

FlO    73.-Vi™  on  Haenrkc  Wand    Dison-    (^j.^^^     ^  distance  of   a   hun- 
chiuitmuDt  Bay,  AlA«ks,  rpvoaling  the  shore     ,      ,  . 
that  ro8c»rveDtoeii(ottai>ove  the  sea  during   oTed  feet  or  more,  and  Where 

the  earthquake  of  1891),  and  waa  fuuud  aith     sedgy  beach  graSS  IS  gTOWII^ 

bjLmaciw,  still  dinging  to  the  rock  {aft«   among  trees  whose  roots  are 
Tarr  and  MarUn).  7         ,     . 

now   laved    m    salt    water. 

At  the  front  of  this  forest  the  great  storm  waves  overturn  the 
trees  and  pile  the  wreckage  in  front  of  those  that  still  remain 
stantiing. 

Upon  the  glaciated  rock  surfaces  of  the  Alaskan  coast,  excep- 
tionally favorable  opportunities  are  found  for  study  of  the  intricate^ 


Fia.  74.  —  Partially  submeTBed  forest 
upon  theahoreorKDiehtlalaiid,  Alaska, 
due  to  tlip  ninkinn  of  a  section  of  the 
eoa«t  during  the  earthquake  of  ISHt) 
<aller  Tair  and  Martin). 


shoro  at  Port  Royal.  Jomniea,  during 

the  earthquake  if  January  14.  1007, 
Ddj(u«nt  to  a  Bimilar  but  laritpr  settle- 
ment of  the  near  shore  during  the 
earthquake  of  1692  (after  a  photo- 
graph by  Brown), 


pattern  of  the  earth  mosaic  which  is  under  adjustment  at  the  time 
of  an  earthquake.  Upon  Gannett  Nwnatak  the  surface  was  found 
divided  by  parallel  faults  into  di.stinct  slices  which  individually 
underwent  small  changes  of  level  (plate  3B). 


CHAPTER  VIII 

THE     INTERRUPTED     CHARACTER     OF     EARTH     MOVE- 
MEHTS:  EARTHQUAKES   AND   SEAQUAKES   (Concludedj 

Experimental  demonstration  of  eartb  movements.  —  The  study 
of  the  Alaskan  earthquake  of  1899  showed  that  during  this  adjust- 
meht  within  the  earth's  shell  some  of  the  local  blocks  moved  up- 
rard  and  by  lai^r  amounts  than  thoir  neighbors,  and  that  atill 
tthers  were  actually  depressed  so  that  the  sea  flowed  over  them. 
i  must  be  evident  that  such  differential  vertical  movements  of 
neighboring  blocks  at  the  earth's  surface  can  only  take  place 
if  lateral  transfers  of  material  are  made  beneath  it.  From  under 
those  strips  of  coast  land  which  were  depressed,  material  must 
have  been  moved  so  as  to  fill  the  void  which  would  otherwise  have 
formed  beneath  the  sections  that  were  uplifted.  If  we  take  into 
consideration  much  larger  fractions  upon  the  surface  of  our  planet, 
We  are  taught  by  the  great  seaquakes  which  are  now  registered 
Upon  earthquake  instruments  at  distant  stations  that  large  dawn- 
vard  movements  are  to-day  in  progress  beneath  the  sea  mucJi  more 
tiian  suffieient  to  compensate  all  extensions  of  the  earth's  surface 
within  those  districts  where  the  land  is  rising  in  moimtains.  From 
tmder  the  offshore  deeps  of  the  ocean  to  beneath  the  growing 
ZDOimtains  upon  the  shore,  a  transfer  of  earth  material  must  be 
assumed  to  take  place  when  disturbances  are  registered. 

Within  the  time  interval  that  separates  the  sudden  adjustments 
of  the  surface  which  are  manifested  in  earthquakes,  the  condition 
of  strain  which  brings  them  about  is  steadily  accumulating,  due, 
BS  we  generally  assume,  to  earth  contraction  through  loss  of  its 
lieat.  It  seems  probable  that  the  resistaace  to  an  immediate  ad- 
justment is  foimd  in  the  rigidity  of  the  shell  because  of  the  com- 
pression to  which  it  is  subjected.  To  illustrate :  a  row  of  blocks 
Well  fitted  to  each  other  may  be  held  firmly  as  a  bridge  between 
the  jaws  of  a  vice,  because  so  soon  as  each  block  starts  to  fail  a 
lai^  resistance  from  friction  upon  its  surface  is  called  into  exist- 
ence, a  force  which  increases  with  the  degree  of  compression. 
I  81 
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It  is  thus  possible  upon  this  assumption  crudely  to  demonstrate 
the  adjustment  of  earth  blocks  by  the  simple  device  represented  in 
plate  4  A.  The  construction  of  this  experimental  tank  is  so  simple 
that  little  explanation  is  necessary.  Wooden  blocks  of  different 
heights  are  supported  in  water  within  a  tank  having  a  glass  front, 
and  are  kept  in  a  strained  condition  at  other  than  their  natural 
positions  of  flotation  by  the  compression  of  a  simple  vice  at  the 
top.  Held  firmly  in  this  position,  they  may  thus  represent  the 
neighboring  blocks  within  the  earth's  outer  shell  which  are  sup- 
ported upon  relatively  yielding  materials  beneath,  and  prevented 
from  at  once  adjusting  themselves  to  their  natural  positions  through 
the  compression  to  which  they  are  subjected.  Held  as  they  now 
are,  the  water  near  the  ends  of  the  tank  is  forced  up  beneath  the 
blocks  to  higher  than  its  natural  level,  and  thus  tends  to  flow  from 
both  ends  toward  the  center.  Such  a  movement  would  permit 
the  end  blocks  to  drop  and  force  the  middle  ones  to  rise.  The  end 
blocks  are,  let  us  say,  the  sections  of  Alaskan  coast  line  which  sunk 
during  the  earthquake,  as  the  center  blocks  are  the  sections  which 
rose  the  full  measure  of  47  feet.  Upon  a  larger  scale  the  end  blocks 
may  equally  well  be  considered  as  the  floor  of  the  great  deeps  off 
the  Alaskan  coast,  whose  sinking  at  the  time  of  the  earthquake 
was  the  cause  of  the  great  sea  wave.  Upon  this  assumption  the 
center  blocks  would  represent  the  Alaskan  coast  regarded  as  a 
whole,  which  underwent  a  general  uplift. 

Though  we  may  not,  in  our  experiment,  vary  the  tendency  to 
adjustment  by  any  contractional  changes  in  either  the  water  or 
the  blocks,  we  may  reduce  the  compression  of  the  vice,  which  leads 
to  the  same  general  result.  As  the  compression  of  the  vice  is 
slowly  relaxed,  a  point  is  at  last  reached  at  which  friction  upon 
the  block  surfaces  is  no  longer  sufficient  to  prevent  an  adjustment 
taking  place,  and  this  now  suddenly  occurs  with  the  result  shown  in 
plate  4  B.  In  the  case  of  the  earth  blocks,  this  sudden  adjustment 
is  accompanied  by  mass  movements  of  the  ground  separated  by 
faults,  and  these  movements  produce  successional  vibrations  that 
are  particularly  large  near  the  block  margins,  and  other  frictional 
vibrations  of  such  small  measure  as  to  be  generally  appreciated  by 
sounds  only.  The  jolt  of  the  adjustments  has  thrown  some  blocks 
beyond  their  natural  position  of  rest,  and  these  sink  and  rise  sub- 
sequently in  order  to  readjust  themselves  with  lighter  vibrations, 


A.  Eiperimental  tank  lo  illiislratK  tlic^  farih  niovminls  which  arc 
msDifRMed  in  earthquakis,  Theapotioofitit  the  eurth's  ^bfU  uri^  hero 
represented  before  adjustment  has  taken  place. 


I    C.   Model  to  ilIustrBt«  a  block  diapl 
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may  be  repeated  and  continued  for  some  time.  In  the  case 
!  earth  these  later  adjustments  are  the  so-called  aftershocks 
irbich  usually  continue  throughout  a  considerable  period  follow- 
ing every  great  earthquake.  Gradually  they  fall  off  in  intensity 
and  frequency  until  they  can  no  longer  be  felt,  and  are  thereafter 
fontiaued  for  a  time  as  rumblings  only. 

Derangement  of  water  flow  by  earth  movement.  —  The  water 
which  supported  the  blocks  in  our  experiment  has  represented 
the  more  mobile  portion  of  the  earth's  substance  beneath  its  outer 
lone  of  fracture.  The  surface  water  layers  in  the  tank  may,  how- 
ever, be  considered  in  a  different 
mnce  their  behavior  is  remark- 
like  that  of  the  water  within 
upon  the  earth's  surface  during 
anearth  adjustment.  At  the  instant 
»hea  adjustment  takes  place  in  the 
talk,  water  frequently  spurts  upward 
from  the  cracks  between  the  sinking 
«id  blocks;  and  if  in  place  of  one 
of  the  higher  center  blocks  we  insert 
"ne  whose  top  is  below  the  level  of 
tile  water  in  the  tank,  a  "  lake  "  will 
be  formed  above  it.  When  the  ad- 
justment occurs,  this  lake  is  im- 
oiediately  drained  by  outflow  of  the  water  at  its  bottom  along 
one  of  the  cracks  between  the  blocks  (Fig.  76). 

Such  derangements  of  water  flow  as  have  been  illustrated  by 
(he  experiment  are  among  the  commonest  of  the  phenomena 
which  accompany  earthquakes.  Lakes  and  swamp  lands  have 
during  earthquakes  been  suddenly  drained,  fountains  of  water 
have  been  seen  to  shoot  up  from  the  surface  and  have  played  for 
some  minuter  or  hours  before  their  sudden  disappearance  in  a  suck- 
ing down  of  the  water  with  later  readjustment.  During  the  great 
earthquake  of  the  lower  Mississippi  valley  in  1811,  known  as  the 
New  Madrid  earthquake,  the  earlier  Lake  EulaJie  was  completely 
drained,  and  upon  the  now  exposed  bed  there  appeared  parallel 
fissurcM  on  which  were  ranged  funnel-like  openings  down  which 
the  water  had  been  sucked.  In  other  sections  of  the  affected 
region  the  water  shot  up  in  sheets  along  fissures  to  the  tops  of  high 


-"H?^ 


FiQ.  76-— DiflRtams  to  illusttat* 
the  draining  of  lakes  during 
earthquakes. 
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trees.  Areas  where  such  spurting  up  of  the  water  has  been  ob- 
served have  in  most  cases  been  shown  to  correspond  to  areas  d 
depression,  and  such  areas  have  sometimes  been  left  flooded  with 
water.  During  the  Indian  earthquake  of  I8I9  an  area  of  some 
200  square  miles  suddenly  sank  and  was  transformed  into  a  lake. 
Sand  or  mud  cones  and  craterlets. — From  a  very  moderate 
depth  below  the  surface  to  that  of  several  miles,  all  pore  spaces 


At^Pi 


F:a.  77.  —  Diagram  to  illustrate  the  deraiiKetneiita  of  flow  of  water  at  the  time  of 
an  earthquake  ;  water  issuing  at  the  surface  over  dowDthrowD  rocks,  and  being 
sucked  down  in  upthrowa  blocks. 

and  all  larger  openings  within  the  rock  are  completely  filled  with 
water,  the  "  trunk  lines  "  of  whose  circulation  is  by  way  of  the 
joints  or  along  the  bedding  planes  of  the  rocks.  The  principal 
reservoirs,  so  to  speak,  of  this  water  inclosed  within  the  rock  are 


FiQ     8  —Mud  cones  aligned  upon  a  fissure  opened  at  MoraM  Ser\ia  during 
the  earthquake  of  April  4,  19U4  (after  Mirhailovitch). 

the  porous  sand  formations.     When,  now,  during  an  earthquake  a 
block  of  the  earth's  shell  is  suddenly  sunk  and  as  suddenly  arrested 
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downward  movement,  the  effect  is  to  compress  the  porous 
jjrers  and  so  force  the  contained  water  upward  along  the  joints  to 
^  surface,  carrying  with  it  large  quantities  of  the  sand  (Fig.  77). 


ho.  70,  —  Odd  at  the  miiDy  (Tuterlcits  formed  neitr  Charleaton,  South  Carolina, 
'duriog  the  eajthquake  ol  AuRiiit  31.  1886.  The  npening  ia  tweuty  [set  acrass, 
tBtul  the  leavM  about  It  are  enciurtl  in  saud  ae  wore  those  upun  the  braacbM 
tof  the  orerbaneug  treea  to  a  height  of  soroo  tweaty  foet  (lUter  DuttoaJ. 


water  appears  io  fountains  usually 
r  even  in  continuous  sheets,  and  the 


I 

I  Ejected  at  the  surface  thi 
panged  in  line  over  joints, 
ind  collecting  about 
Be  jets  builds  up  lines 
f  sand  or  mud  cones 
tunetimes  described  as 
jmud  volcanoes"  (Fig. 
S).  The  amount  of 
pnd  thus  poured  out 
i  sometimes  so  great 
bat  blankets  of  quick- 
luid   are  spread   over 

jtfge     sections    of     the  tm.ni,ct-like  form  of  tho  Baud  cdumi,. 

Duntry.       Most     fre- 

nently,  however,  the  sand  is  not  built  above  the  general  level 

f  the  surface,  but  forms  a  series  of  crcUerleis  which  are  largely 


EL. 
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shaped  as  the  water  is  sucked  down  at  the  time  of  the  readjustment 
with  which  the  play  of  such  earthquake  fountains  is  tenninated 
(Fig.  79).  Subsequent  excavations  made  about  such  crateriets 
have  shown  them  to  have  the  form  of  a  trumpet,  and  that  in  the 
sand  which  so  largely  fills  them  there  are  generally  found  scales  d 
mica  and  such  light  bodies  as  would  be  picked  out  from  the  hetero- 
geneous materials  of  the  sand  layers  and  carried  upward  in  the 
rush  of  water  to  the  surface  (Fig.  80). 

The  earth's  zones  of  heavy  earthquake. — Since  earthquakes 
give  notice  of  a  change  of  level  of  the  groimd,  the  special  danger 
zones  from  this  source  are  the  growing  mountain  systems  which 
are  usually  found  near  the  borders  of  the  sea.  Such  lines  of  moun- 
tains are  to-day  rising  where  for  long  periods  in  the  past  were  the 
basins  of  deposition  of  former  seas.  They  thus  represent  the 
zones  upon  the  earth's  surface  which  are  the  most  unstable — 
which  in  the  recent  period  have  undergone  the  greatest  changes 
of  level. 

By  far  the  most  unstable  belt  upon  the  earth's  surface  is  the 
rim  surrounding  the  Pacific  Ocean,  within  which  margin  it  has 
been  estimated  that  about  54  per  cent  of  the  recorded  shocks  of 
earthquake  have  occurred.  Next  in  importance  for  seismic  in- 
stability is  the  zone  which  borders  both  the  Mediterranean  Sea 
and  the  Caribbean — the  American  Mediterranean — and  is  ex- 
tended across  central  Asia  through  the  Himalayas  into  Malaysia. 
Both  zones  approximate  to  great  circles  upon  the  earth's  surface 
and  intersect  each  other  at  an  angle  of  about  67**.  It  has  been 
estimated  that  about  95  per  cent  of  the  recorded  continental  earth- 
quakes have  emanated  from  these  belts. 

The  special  lines  of  heavy  shock. — Within  any  earthquake 
district  the  shocks  are  not  felt  with  equal  severity  at  all  places, 
but  there  are,  on  the  contrary,  definite  lines  which  the  disturbance 
seems  to  search  out  for  special  damage.  From  their  relations  to 
the  relief  of  the  land  these  lines  would  appear  to  be  lines  of  fracture 
upon  the  boundaries  of  those  sections  of  the  crust  that  play  in- 
dividual r61es  in  the  block  adjustment  which  takes  place.  More 
or  less  masked  as  these  lines  are  beneath  the  rounded  curves  of 
the  landscape,  they  are  given  an  altogether  unenviable  prominence 
with  each  succeeding  earthquake.  At  such  times  we  may  think 
of  the  earth's  surface  as  specially  sensitized  for  laying  bare  its 
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hidden  stmcture,  as  is  the  sensitized  plate  under  the  magical  in- 
fluence of  the  X  rays. 

When,  at  the  time  of  an  earthquake,  blocks  are  adjusted  with 
reference  to  their  neighbors,  the  movements  of  oscillation  are 
greatest  in  those  marginal  portions 
of  direct  contact.  Comers  of  blocks 
—  the  intersecting  points  of  the  im- 
portant faults  —  should  for  the  same 
reason  be  shaken  with  a  double 
violence,  and  this  assumption  ap- 
pears to  be  confirmed  by  observation. 

Upon  the  island 

of  Ischia,  Oflf  the Ep.c^nlrum    of  IS63 

Bay  of   Naples,  ZI~Z. 

the  shocks  from 

recent  earth- 
quakes have 
been  strangely 
concentrated 
near  the  town  of 
Casamicciola, 

which  was  last  destroyed  in  1883.  This  un- 
fortunate city  lies  at  the  crossing  point  of 
important  fractures  whose  course  upon  the 
island  is  marked  by  numerous  springs  and 
suffiom  (Fig.  81). 

Seismotectonic  lines.  —  The  lines  of  im- 
portant earth  fractures,  as  will  be  more  clearly 
shown  in  the  sequel  (p.  227),  are  often  indi- 
cated with  some  clearness  by  straight  lines  in 
the  plan  of  the  surface  relief  (Fig.  82).  Lines 
Pio.  82.— A  line  of  earth  ^f  ^j^g  nature  are  easily  made  out  upon  the 

fracture   indicated   in  -  ,,       rxr     i^  -r     ^^  i   •/•  . 

the  plan  of  the  relief,  °^^P  ^^  ^'^^  West  Indies,  and  if  we  represent 

which  may  at  any  time  upon  it  by  circles  of  different  diameters  the 

become  the  seat  of  combined  intensities  of  the  recorded  earth- 
movement  and  result-  i  •  ii  •  •. .  ..  ^i  . 
ant  shock.                  quakes  m  the  various  cities,  it  appears  that 

the  heavily  shaken  localities  are  ranged  upon 

lines  stamped  out  in  the  relief,  with  the  most  severely  damaged 

places  at  their  intersections  (Fig.  83).    These  lines  of  exceptional 
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Fio.  Sl.  —  Map  of  the  island  of 
Ischia  to  show  how  the  shocks 
of  recent  earthquakes  have  been 
concentrated  at  the  crossing 
point  of  two  fractures  (after 
Mercalii  and  Johnston-La  vis). 
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Fia.  S3.  —  Sciamotectonlc  Iiqeb  of  the  West  iDdies. 

instability  are  known  as  seismotedonic  lines  —  earthquake  stnre- 
ture  lines. 

The  heavy  shocks  above  loose  foundations.  —  It  is  character- 
istic of  faults  that  they  soon  bury  themselves  from  sight  undei 
loose  materials,  and  arc  thus  made  difficult  of  inspection.  The 
escarpment  which  is  the  direct  consequence  of  a  vertical  displace- 
ment upon  a  fault  tends  to  migrate  from  the  place  of  its  formatioi^ 
rounding  the  surface  as  it  does  so  and  burying  the  fault  line  beneath 
its  deposits  (Fig.  43,  p.  60). 

This  is  not,  however,  the  sole  reason  why  loose  foundatkns 
should  be  places  of  special  danger  at  the  time  of  earth  shocks,  for 
the  reason  that  earthquake  waves  are  sent  out  in  all  directions 
from  the  surfaces  of  displacement  through  the  medium  of  the  un- 
derlying rock.  These  waves  travel 
within  the  firm  rock  for  considerable  ' 
distances  with  only  a  gradual  disapa-  ' 
tion  of  their  energy,  but  with  their 
entry  into  the  loose  surface  deposits 
their  energy  is  quickly  used  up  in 
local  vibrations  of  large  amplitude, 
and  hence  destructive  to  buildings. 

The  essential  difference  between 
firm  rock  and  such  loose  materials  as 
are  found  upon  a  river  Ixittom  or  in 
the  "made  land"  about  our  cities 
may  be  illustrated  !y  the  simple 
device  which  is  represented  in  Fig.  84.  Two  similar  metal  pans 
are  suspended  from  a  firm  support  by  bands  of  steel  and  "elastic" 
braid  of  similar  size  and  shape,  and  carry  each  a  small  block  of 
wood  standing  upon  its  end.  Similar  light  blows  are  now  admin- 
istered directly  to  the  pans  with  the  effect  of  upsetting  that  block 


FiO.  84.  — Device  to  illustraU-  the 
differeat  eCTerta  upon  the  tnina- 
mission  aail  the  rharur'lt'r  of 
thoekfl  which  tire  produced  hy 
film  rock  and  by  Iodsu  iDatvnaia. 


r 


EARTHQUAKES  AND  SEAQUAKES 


wluch  is  supported  by  the  loose  braid  because  of  the  large  range 
01  amplitude  of  movement  that  is  imparted  to  the  pan.  The 
"elastic  "  braid,  because  of  these  large  vibrations  of  which  it  is 
susceptible,  may  represent  the  loose  materials  when  an  earthquake 
wave  passes  into  them.  In  the  case  of  the  steel  support,  the 
energy  of  the  blow,  instead  of  being  dissipated  in  local  swinpngs 
of  the  pan,  is  to  a  large  extent  transmitted  through  the  elastic 
mrtfll  to  materials  beyond.  The  steel  thus  resembles  in  its  high 
elasticitj'  the  6rmer  rock  basement,  which  receives  and  transmits 
tiie  earthquake  shocks,  but  except  when  ruptured  in  a  fault  is 
nibject  to  \'ibrations  of  small  amplitude  only. 

Construction  in  earthquake  regions.  —  Wherever  earthquakes 
hare  been  felt,  they  are  certain  to  occur  again :  and  wherever 
mountains  are  growing  or  changes  of  level  are  in  progress,  there 
BO  record  of  past  earthquakes  is  required  in  order  to  forecast  the 
future  seismic  history.  Although  the  future  earthquakes  may  be 
predicted,  the  time  of  their  coming  is,  fortunately  or  unfortunately, 
rtil!  hidden  from  us.  If  one's  lot  is  to  be  cast  in  an  earthquake 
Muntry,  the  only  aane  course  to  pursue  is  to  build  with  due  regard 
to  future  contingencies. 

The  danger  from  destructive  fires  may  to-day  be  largely  met 
by  methods  of  construction  which  levy  an  additional  burden  of 
tost.  Though  the  danger  from  seismic  disturbances  can  hardly 
be  met  as  fully  as  that  from  fire,  yet  it  is  true  that  buildings  may 
he  so  constructed  as  to  withstand  all  save  those  heaviest  abocka 
the  immediate  vicinity  of  the  lines  of  large  displacement.  Here, 
90,  a  considerable  additional  expense  is  involved  in  the  method 
vl  construction,  in  the  case  of  residences  particularly. 

From  what  has  been  said,  it  is  obvious  that  much  of  the  danger 
from  earthquakes  can  be  met  by  a  choice  of  site  away  from  lines 
fif  important  fracture  and  from  areas  of  relatively  loose  foundation, 
le  choice  of  building  materials  is  next  of  importance.  Those 
ildingB  which  succumb  to  earthquakes  are  in  most  cases  racked 
sh&ken  apart,  and  thus  they  become  a  prey  to  their  own  inherent 
iperties  of  inertia.  Each  part  of  a  structure  may  be  regarded 
a  weight  which  is  balanced  upon  a  stiff  rod  and  pivoted  upon 
ground.  When  shocks  arrive,  each  part  tends  to  be  thrown 
vibration  after  the  manner  of  an  inverted  pendulum.  In 
iportion,  therefore,  aa  the  weights  are  large  and  rest  upon  long 


EARTH  FEATURES  AND  THEIR  MEANING 

supports,  the  danger  of  overthrow  and  of  tearing  apart  is  increased. 
In  general,  structures  are  best  constructed  of  light  materials  whosf 
weight  is  concentrated  near  the  ground.  Masonry  structurej, 
and  especially  high  ones,  are,  therefore,  the  least  suited  for  resisting 
earthquakes,  of  which  the  late  complete  destruction  of  the  city 
of  Messina  is  a  grewsome  reminder.  Despite  repeated  warning 
in  the  past,  the  buildings  of  that  stricken  city  were  generally  con- 
structed of  heavy  rubble,  which  in  addition  had  been  poorly  ce- 
mented (Fig.  49,  p,  67).  Such  structures  are  usually  6rst  ruptured 
at  the  edges  and  corners,  since  here  the  vibrations  which  tend  to 


tear  the  building  asunder  are  resisted  by  no  supports  and  are 
reenf creed  from  neighboring  waJIs. 

An  advantage  of  the  first  importance  is  evidently  secured  if  the 
rods  of  the  pendulum,  of  which  the  building  is  conceived  to  be  com- 
posed, have  sufScient  elasticity  to  be  considerably  distorted  with- 
out rupture  and  to  again  recover  their  original  position.  This  js 
the  supreme  advaota^  of  structural  steel  for  all  lai^  buildings, 
which  is  coupled,  however,  with  the  disadvantage  that  the 
riveted  fastenings  are  apt  to  be  quickly  sheered  off  under  the 
vibrations.  Large  and  high  buildings,  when  sufficiently  elastic, 
have  fortunately  the  property  of  destroying  the  earth  waves 
by  interference  before  they  have  traveled  above  the  lower 
stories. 

For  large  structures  in  which  wood  cannot  be  used^  strong^ 


EARTHQUAKES  AND  SEAQUAKES 


91 


reenforced  concrete  is  well  adapted,  for  it  has  in  general  the  same 
advantages  as  steel  with  somewhat  reduced  elasticity,  but  with  a 
more  effective  binding  together  of  the  parts.  This  requirement 
of  thorough  bracing  and  tying  together  of  the  several  parts  of  a 
building  causes  it  to  vibrate,  not  as  many  pendulums,  but  as  one 
body.  If  met,  it  removes  largely  the  danger  from  racking  str^ns, 
and  for  small  structures  particularly  it  is  the  requirement  which 
is  most  eatiily  complied  with.  For  such  buildings  it  is  therefore 
necessary  that  the  framework  should  be  built  in  a  close  network 


Pia.  S6.  —  Building  wrccted  at  San  Mateo.  California,  during  the  late  earth- 
quake. The  heavy  tool  aad  upper  Soor,  acting  ai  a  unit,  have  battered  down 
the  upper  wbUb  (after  J.  C.  Branner). 

with  every  joint  firmly  braced  and  with  all  parts  securely  tied  to- 
gether. Especial  attention  should  be  given  to  the  fastenings  of 
floor  and  partition  ends.  The  house  shown  in  Pig.  85  could  not 
have  been  subjected  to  heavy  shocks,  for  though  the  walla  are 
thrown  down,  the  floors  and  partitions  have  been  left  near  their 
original  positioai. 

This  tendency  of  the  walls,  floors,  partitions,  and  roof  to  act 
as  individual  units  in  the  vibration,  is  one  that  must  be  reckoned 
with  and  be  met  by  specially  effective  bracing  and  tying  at  the 
junctions.  Otherwise  these  larger  parts  of  the  structure  may  act 
like  battering  rams  to  throw  over  the  walls  or  portions  of  them 
(Fig.  86). 


Mi 
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CHAPTER  IX 

THE  RISE  OF  MOLTEN  ROCK  TO  THE  EARTH'S 

SURFACE 

VOLCAinC  MOimTAINS  OF  EXUDATION 

Prevalent  misconceptions  about  volcanoes.  —  The  more  or  less 
common  impression  that  a  volcano  is  a  "  burning  mountain " 
or  a  ''  smoking  mountain  "  has  been  much  fostered  by  the  schod 
texts  in  physical  geography  in  use  during  an  earlier  period.  The 
best  introduction  to  a  discussion  of  volcanoes  is,  therefore,  a  disil- 
lusionment from  this  notion.  Far  from  being  burning  or  smoking, 
there  is  normally  no  combustion  whatever  in  connection  with  a 
volcanic  eruption.  The  unsophisticated  tourist  who,  looking  out 
from  Naples,  sees  the  steam  cap  which  overhangs  the  Vesuvian 
crater  tinged  with  brown,  easily  receives  the  impression  that  the  * 
material  of  the  cloud  is  smoke.  Even  more  at  night,  when  a  bright 
glow  is  reflected  to  his  eye  and  soon  fades  away,  only  to  again  glow 
brightly  after  a  few  moments  have  passed,  is  it  diflicult  to  remove 
the  impression  that  one  is  watching  an  intermittent  combustion 
within  the  crater.  The  cloud  which  floats  away  from  the  crest  of 
the  mountain  is  in  reality  composed  of  steam  with  which  is  ad- 
mixed a  larger  or  smaller  proportion  of  fine  rock  powder  which 
gives  to  the  cloud  its  brownish  tone.  The  glow  observed  at  night 
is  only  a  reflection  from  molten  lava  within  the  crater,  and  the 
variation  of  its  brightness  is  explained  by  the  alternating  rise  and 
fall  of  the  lava  surface  by  a  process  presently  to  be  explained. 

Not  only  is  there  no  combustion  in  connection  with  volcanic 
eruptions,  but  so  far  as  the  volcano  is  a  mountain  it  is  a  product 
of  its  own  action.  The  grandest  of  volcanic  eruptions  have  pro- 
duced no  mountains  whatever,  but  only  vast  plains  or  plateaus 
of  consolidated  molten  rock,  and  every  volcanic  mountain  at 
some  time  in  its  history  has  risen  out  of  a  relatively  level  surface. 

When  the  traditional  notions  about  volcanoes  grew  up,  it  was 

supposed  that  the  solid  earth  was  merely  a  "  crust "  enveloping 

still  molten  material.    As  has  already  been  pointed  out  in  an  ear- 
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lier  chapter,  this  view  is  no  longer  tenable,  for  we  now  know  that  the 
condition  of  matter  within  the  earth's  interior,  while  perhaps  not 
directly  comparable  to  any  that  is  known,  yet  has  properties  moat   ( 
Ksembting  known  matter  in  a  solid  state;  it  is  much  more  rigid   i 
than  the  best  tool  steel.     While  there  must  be  reservoirs  of  molten   ' 
rock  beneath  active  volcanoes,  it  is  none  the  less  clear  that  they 
are  small,  local,  and  temporary.     This  is  shown  by  the  compara- 
tive study  of  volcanic  outlets  within  any  circumscritied  district. 

It  is  perhaps  not  easy  to  frame  a  definition  of  a  volcano,  but 
its  essential  part,  instead  of  being  a  mountain,  is  rather  a  vent  or 
channel  which  opens  up  connection  between  a  subsurface  reservoir 
of  molten  rock  and  the  surface  of  the  earth.  An  eruption  occurs 
whenever  there  is  a  rise  of  this  material,  together  with  more  or  less 
steam  and  admixed  gases,  to  the  surface.  Such  molten  rock  ar- 
riving at  the  surface  is  designated  lava.  The  changes  in  pressure 
upon  this  material  during  its  elevation  induce  secondary  phenom- 
ena as  the  surface  is  approached,  and  these  manifestations  are 
often  most  awe  inspiring.  While  often  locally  destructive,  the 
•geological  importance  of  such  phenomena  is  by  reason  of  their  j 
terrifying  aspect  likely  to  be  greatly  exaggerated. 

Earl;  views  concerning  volcanic  mountains.  —  As  already  pointed  I 
out,  a  volcano  at  it«  birth  is  not  a  mountain  at  all,  but  only,  so  to 
speak,  a  shaft  or  channel  of  communication  between  the  surface 
and  a  subterranean  reservoir  of  molten  rock.  By  Imnging  this 
melted  rock  to  the  surface  there  b  built  up  a  local  elevation  which 
may  be  designated  a  mountain,  except  where  the  volume  of  the 
material  is  so  large  and  is  spread  to  such  distances  as  to  produce  a 
plain  (see  fissure  eruptions  below). 

In  the  early  history  of  geology  it  was  the  view  of  the  great  Ger- 
man geologist  von  Buch  and  his  friend  and  colleague  von  Hum- 
boldt, that  a  volcanic  mountain  was  produced  in  much  the  same 
manner  as  is  a  blister  upon  the  Irody.     The  fluids  which  push  up 
the  cuticle  in  the  blister  were  here  replaced  by  fluid  rock  which   ■ 
elevated  the  sedimentary  rock  layers  at  the  surface  into  a  dome  or 
mound  which  was  open  at  the  top  —  the  so-calied  crater.     This 
"elevation-crater"  theory  of  volcanoes  long  held  the  stage  i 
geolo^cal  science,  although  it  ignored  the  very  patent  fact  that   ' 
the  layers  on  the  flanks  of  volcanic  cones  are  not  of  sedimentary 
rock  at  all,  but,  on  the  contrary,  of  the  volcanic  materials  which 
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are  brought  up  to  the  surface  during  the  eruption.     The  obaerr*- 

tional  phase  of  science  was,  however,  dawning,  and  the  English 

geologists   Scropc    and    Ly«ll 

were  able  to  show  by  study  itf 

volcanic   mountains   that  Um 

mound  about  the  volcanic  vest 

was  due  to  the  accumulatiim 

of  once  molten  rock  which  bad 

Fia.  ST.  — Breached  vo!™nic  tone  near   been  either  exuded  or  ejected. 

Aucklaud.  New  Zeutaiid.  showing  the   Making  use  of  data  derived 

bending  down  of  the  wdiroentaTy  mrato   from    New    Zealand,     ScTOpe 

in  the  neighborhood  of  the   vent   (ailfir       ,  j   .i     j.     ■      ■        i       »   i     . 

Hcapliy  u.d  Serope).  showed  that,  instead  of  being 

elevated  during  the  formation 
of  a  volcanic  mountain,  the  sedimentary  strata  of  the  vicinity 
may  be  depressed  near  the  volcanic  vent  (Fig.  87). 

The  birth  of  volcanoeB.  —  To  confirm  the  impression  that  the 
formation  of  the  volcanic  mountain  is  in  reality  a  secondary  phe- 
nomenon connected  with  eruptions,  we  may  cite  the  ob.ser\-ed  birth 
of  a  number  of  volcanoes.  On  the  20th  of  September,  1538,  a 
new  volcano,  since  known  as  Monte  Nuovo  (new  mountain),  nise 
on  the  border  of  the  ancient  Lake  Lucrinus  to  the  westward  of 
Naples.  This  small  mountain  attained  a  height  of  440  feet,  and 
is  still  to  be  seen  on  the  shore  of  the  bay  of  Naples.  From  Mexico 
have  been  recorded  the  births  of  several  new  volcanoes:  Jorullo 
in  1759,  Pochutla  in  1870,  and  in  1881  a  new  volcano  in  the  Ajusco 
Mountains  about  midway  between  the  Gulf  of  Mexico  and  the 
Pacific  Ocean.  The  latest  of  new  volcanoes  is  that  raised  in  Japan 
on  November  9,  1910,  in  connection  with  the  eruption  of  Usu-san. 
This  "  New  Mountain  "  reached  an  elevation  of  690  feet. 

Aa  described  by  von  Humboldt,  Jorullo  rose  in  the  night  of  the 
28th  of  September,  1759,  from  a  fissure  which  opened  in  a  broad 
plain  at  a  point  35  miles  distant  from  any  then  existing  volcano. 
The  most  remarkable  of  new  volcanoes  rose  in  1871  on  the  i.siand 
of  Camiguin  northward  from  Mindanao  in  the  Philippine  archi- 
pelago. This  mountain  was  visited  by  the  ChaUejiger  expedition 
in  1875,  and  was  first  ascended  and  studied  thirty  years  later 
I  by  a  party  under  the  leadership  of  Professor  Dean  C.  Worcester, 

^  the  Secretary  of  the  Interior  of  the  Philippine  -  Islands,  to  whom 

B  the  writer  is  indebted  for  this  description  and  the  accompan>'ing 


J 


n  voleano   | 


FiO,  88,  —  View  of  the  new  CnmiKUin 
from  tbe  sea.  It  was  fanned  in  It 
a  nearly  level  plain.  The  town  of  CntBrmun 
Bpp«sra  at  the  right  near  the  shore  (after  an 
unpubliahed  photograph  by  Profeaaor  Deao 
C.  Worceater). 
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Uustration  of  this  largest  and  most  interesting  of  new-born  vol- 
UiQoes.  As  in  the  case  of  Jorullo,  the  eruption  began  with  the 
[brmation  of  a  fissure  in  a 
levei  plain,  some  400  yards 
distant  from  the  town  of 
Catarman  (Fig.  88).  The 
9'uption  continued  for  four 
(rears,  at  the  end  of  whitih 
time  the  height  of  the  sum- 
mit was  estimated  by  the 
ChaUenger  expedition  to  be 
1900  feet.  At  the  time  of 
aie  first  ascent  in  190.5, 
the  height  was  determined  by  aneroid  as  1750  feet,  with  sharp 
rock  pinnacles  projecting  some  50  or  75  feet  higher. 

Active  and  extinct  yoUanoes,  —  The  terms  "active"  and 
"extinct  "  have  come  into  more  or  less  common  use  to  describe 
respectively  those  volcanoes  which  show  signs  of  eruptive  activity, 
ind  those  wliich  are  not  at  the  time  active.  The  term  "  dormant  " 
IB  applied  to  volcanoes  recently  active  and  supposed  to  be  in  a 
doubtfully  extinct  condition.  From  a  well-known  volcano  in 
|he  vicinity  of  Naples,  volcanoes  which  no  longer  erupt  lava  or 
tinder,  but  show  gaseous  emanations  {fumeroles)  are  said  to  be  in 
the  solfalara  condition,  or  to  show  solfataric  activity. 

Experience  shows  that  the  term  "  extinct,"  while  useful,  must 
ftlways  be  interpreted  to  mean  apparently  extinct.  This  may  be 
illustrated  by  the  history  of  Mount  Vesuvius,  which  before  the 
Christian  era  was  forested  in  the  crater  and  showed  no  signs  of 
Ictiwty ;  and  in  fact  it  is  known  that  tor  several  centuries  no  erup- 
Hon  of  the  volcano  had  taken  place.  Following  a  premonitorj' 
earthquake  felt  in  the  year  63,  the  mountain  burst  out  in  grand 
explosive  eruption  in  79  a.d.  This  eruption  profoundly  altered 
the  aspect  of  the  mountdn  and  buried  the  cities  of  Pompeii.  Stabeii, 
md  Herculaneum  from  sight.  Once  more,  this  time  during  the 
middle  ages,  for  nearly  five  centuries  (1139  to  1631)  there  was 
complete  inactivity,  if  we  except  a  light  ash  eruption  in  the  year 
[500.  During  this  period  of  rest  the  crater  was  again  forested, 
Itut  the  repose  was  suddenly  terminated  by  one  of  the  grandest 
miptions  in  the  motmtain's  history. 
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The  earth's  volcano  belts.  —  The  distribution  of  volcanoes  is 
not  uniform,  but,  on  the  contrary,  volcanic  vents  appear  in  definite 
zones  or  belts,  either  upon  the  margins  of  the  continents  or  Included 
within  the  oceanic  areas  (Fig.  89).    The  most  important  of  these 


Fio.  89.  —  Map  showing  the  location  of  the  belts  of  active  voloanoeB. 

belts  girdles  the  Pacific  Ocean,  and  is  represented  either  by  chains 
or  by  more  widely  spaced  volcanic  mountains  throughout  the 
Cordilleran  Mountain  system  of  South  and  Central  America  and 
Mexico,  by  the  volcanoes  of  the  Coast  and  Cascade  ranges  of  North 
America,  the  festooned  volcanic  chain  of  the  Aleutian  Islands,  and 
the  similar  island  arcs  off  the  eastern  coast  of  the  Eurasian  con- 
tinent. The  belt  is  further  continued  through  the  islands  of 
Malaysia  to  New  Zealand,  and  on  the  Pacific's  southern  margin 
are  found  the  volcanoes  of  Victoria  Land,  King  Edward  Land, 
and  West  Antarctica. 

This  volcano  girdle  is  by  no  means  a  perfect  one,  for  in  addi- 
tion to  the  principal  festoons  of  the  western  border  there  are  many 


Fig.  90.  — a  portion  of  the  "fire  girdle"  of  the  Pacific,  showing  the  relation  of  the 
chains  of  volcanic  mountains  to  the  deeps  of  the  neighboring  ocean  floor. 
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econdary  ones,  and  still  other  arcs  are  found  well  toward  the 
icnt«r  of  the  oceanic  area.  Another  broad  belt  of  volcanoes  bor- 
lere  the  Mediterranean  Sea,  and  is  extended  westward  into  the 
Itlantic  Ocean.  Narrower  belta  are  found  in  both  the  northern 
md  southern  portions  of  the  Atlantic  Ocean,  on  the  margins  of 
he  Caribbean  Sea,  etc.  The  fact  of  greatest  significance  in  the 
iistribution  seems  to  be  that  bands  of  active  volcanoes  are  to  be 
itimd  wherever  mountain  ranges  are  paralleled  by  deeps  on  the 
leigbboring  ocean  floor  {Fig.  90).  As  has  been  already  pointed 
t  in  the  chapter  upon  earthquakes,  it  is  just  such  places  as  these 
riiicb  are  the  seat  of  earthquakes;  these  are  zones  of  the  earth's 
■ust  which  are  undergoing  the  most  rapid  changes  of  level  at  the 
(resent  time.  Thus  the  rise  of  the  land  in  mountains  is  proceeding 
"  multaneously  with  the  sinking  of  the  sea  floor  to  form  the  neigh- 
loriDg  deeps. 

Arrangement  of  volcanic  vents  along  fissures  and  especiaJly  at 
tbeir  inter  sections.  —  Within  those  districts  in  which  volcanoes 


b  SkupUkr   Goaiiru  in   IccIbdiI 

!  widely  separated  from  their  neighbors,  the  law  of  their  arrange- 

'Dt  is  difficult  to  decipher,  but  the  view  that  volcanic  vents  are 
ifigned  over  fissures  is  now  supported  by  so  much  evidence  that 
Bustrations  may  be  supplied  from  many  regions.  An  excep- 
Flionally  perfect  line  of  small  cones  is  found  along  the  Skaptdr 
ndeft  in  Iceland,  upon  which  stands  the  large  volcano  of  Laki. 
This  fissure  reopened  in  1783,  and  great  volumes  of  lava  were 
cexuded.  Over  the  cleft  there  was  left  a  long  line  of  volcanic 
cones  (Fig.  91).  There  are  In  Iceland  two  dominating  series  of 
Sparallel  fissures  of  the  same  character  which  take  their  directions 
[tespectiveiy  northeast-southwest  and  north-south.  Many  such 
Ffiasures  are  traceable  at  the  surface  as  deep  and  nearly  straight 
'■•left*  or  gjds,  usually  a  few  yards  in  width,  but  extending  for  many 
jmiles.  The  Eldgjii  has  a  length  of  more  than  18  EngUsh  miles 
^and  a  depth  varying  from  400  to  600  feet.     On  some  of  these 

lures  no  lava  has  risen  to  the  surface,  whereas  others  have  at 
lerous  points  exuded  molten  rock.     Sometimes  one  end  only 

a  fissure,  the  more  widely  gaping  portion,   has  supplied  the 
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conduits  for  the  molten  lava.    This  is  well  illustrated  by  tbe 
cratered  monticules  raised  by  the  common  ant  over  the  cracb 

which  separate  the  blocks  of  cement 
"   sidewalk,  the  hillocks   being  located 
where  the  most  favorable  channel  was 
found  for  the  elevation  of  the  mate* 
rials. 
Those  places  upon  fissures  which  be- 
FiG.  92. — Diagrams  to  illustrate  come  lava  conduits  appear  to  be  the 

the  location  of  volcanic  vents    _  i  xu       i  rx  -j  _x 

c        ,.  ones  where  the  cleft  eapes  widest  so  as 

upon  fissure  lines,    o,  openings  »»**%/*%>  w**^  ^  v/*w  e^i^vo  ^^k^%jov  ov  » 

caused  by  lateral  movement  of  to  fumish  the  widest  channel.    Wher- 
fissure  walls;  6,  openings  formed  ever  a  differential  lateral  movement  of 

at  fissure  intersections.  xu  ii     u  j  -  -n 

the  walls  has  occurred,  openings  wu 
be  found  in  the  neighborhood  of  each  minor  variation  from  a 
straight  line  (Fig.  92a).  Wherever  there  are  two  or  more  series 
of  fissures,  and  this  would  appear  to  be  the  normal  condition^ 
places  favorable  for  lava  conduits  occur  at  fissure  intersections. 
Within  such  veritable  volcano  gardens  as  are  to  be  found  in  Ma- 
laysia, the  law  of  volcano  distribution  became  apparent  so  soon  as 


»..  ^fm 


Fio.  93.  —  Outline  map  of  the  eastern  portion  of  the  island  of  Java,  displajring  the  ar- 
rangement of  volcanic  vents  in  alignment  upon  fissures  with  the  larger  mountains 
at  fissure  intersections  (after  Verbeek). 

accurate  maps  had  been  prepared.  Thus  the  outline  map  of  a  por- 
tion of  the  island  of  Java  (Fig.  93)  shows  us  that  while  the  vol- 
canoes of  the  island  present  at  first  sight  a  more  or  less  irr^ular 
band  or  zone,  there  are  a  number  of  fissures  intersecting  in  a  net- 
work, and  that  the  volcanoes  are  aligned  upon  the  fissures  with 
the  larger  cones  located  at  the  intersections.    So  also  in  Iceland, 
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the  great  eruption  of  Askja  in  1875  occurred  at  the  intersectii 
of  two  lines  of  fissure. 

Outside  these  closely  packed  volcanic  regions,  similar  though 
less  marked  networks  are  indicated;  as,  for  example,  in  and  near 
the  Gulf  of  Guinea.  If  now,  instead  of  reducing  the  scale  of  our 
volcano  maps,  we  increase  it,  the  same  law  of  distribution  is  no 
leas  clearly  brought  out.  The  monticules  or  small  volcanic  cones 
which  form  upon  the  flanks  of  larger  volcanic  mountains  are  like- 
wise built  up  over  fissures  which  on  numerous  occasions  have 
been  oliserved  to  open  and  the  cones  to  form  upon  them. 

Still  further  reducing  now 
the  area  of  our  studies  and 
considering  for  the  moment  the 
"  frozen  "  surface  of  the  boil- 
ing lava  within  the  caldron  of 
Kilauea,  this  when  observed  at 
n^t  reveals  in  great  perfec- 
-tion  the  sudden  formation  of 
fissures  in  the  crust  with  the 
appearance  of  miniature  vol- 
canoes rising  successively  at 
more  or  lesa  r^ular  iatervals 
along  them. 

It  not  infrequently  happen 
become  established  above  som 
migrates  along  the  fissure,  thus 


1 
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Fio.  94.  — Map  at  the  Puy  Parioa 
Auvergne  of  ccntrEiI  France.     Thu 
eniptioQ  haa  nuKrated  along  the  fissure 
upoD  which  the  earlier  coao  bad  boen 
built  up  (after  Scrope). 

i  that  after  a  volcanic  vent  hi 
i  conduit  in  a  fissure,  the  conduit' 
rtablishing  a  new  cone  with  mora. 


or  less  complete  destruction  of  the  old  one  (Fig.  94). 

The  Bo-called  fisBure  eruptions.  —  The  grandest  of  all  volcanic 
eruptions  have  been  those  in  which  the  entire  length  and  breadth 
of  the  fissures  have  been  the  passageway  for  the  upwelling  lava. 
Such  grander  eruptions  have  been  for  the  most  part  prehistoric, 
and  in  later  geolopc  history  have  occurred  chiefly  in  India,  in 
Abyssinia,  in  northwestern  Europe,  and  in  the  northwestern 
United  States.  In  western  India  the  singularly  horizontal  pla- 
teaus of  basaltic  lava,  the  Dckkan  traps,  cover  some  200,000 
square  miles  and  are  more  than  a  mile  in  depth.  The  underlj-ing 
basement  where  it  appears  about  the  margins  of  the  basalt  is 
in  many  places  intersected  by  dikes  or  fissure  fillings  of  the  same 
material.     No  cones  or  definite  vents  have  been  found. 
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The  larger  portion  of  the  northwestern  British  Isles  wotdd 
appear  to  have  been  at  one  time  similarly  blanketed  by  neailj 
horizontal  beds  of  basaltic  lava,  which  beds  extended  nwtlt- 
westward  across  the  sea  through  the  Orkney  and!  Faroe  islsodi 
to  Iceland.  Remnants  of  this  vast  plateau  are  to-day  found  in  all 
the  island  groups  as  well  as  in  large  areas  of  northeastern  Ir^and, 
and  fissure  fillings  of  the  same  material  occur  throughout  iarp 
areas  of  the. British  Isles.  In  many  cases  these  dikes  r^reaot 
once  molten  rock  which  may  asm 
have  communicated  with  the  surface 
at  the  time  of  the  lava  outpouring,  yet 
they  well  illustrate  what  we  mif^t  ei- 
pect  to  find  if  the  basalt  sheets  of  I 
Iceland  or  Ireland  were  to  be  remorod. 
The  floods  of  basaltic  lava  which  in 
the  northwestern  United  StatM  liave 
yielded  the  barren  plateaa  ol  tta  Caa- 
Fia.  96.  —  Basaltic  plateau  of  the  ^^^  Mountains  (Fig.  95)  wodiCiiMKar 
to  fianiie  emptiooa  of  lav*.  **>  '^^^  another  example  of  flrtnidwup- 
tion,  though  rones  ^ipear  t^an  the 
surface  and  perhaps  indicate  the  position  of  lava  outieti  An^g  the 
later  phases  of  the  eruptive  period.  The  barrenness  and  des(^ 
tion  of  these  lava  plains  is  suggested  by  Fig.  96. 


-zMff- 


Fia.  90.  —  Lava  plaint  About  the  Siutke  Bivcc  In  Idalu). 

Though  the  greater  effusions  of  lava  have  occurred  in  pre- 
historic times,  and  the  manner  of  extrusion  has  necessarily  been 
largely  inferred  from  the  immense  volume  of  the  exuded  materials 
and  the  existence  of  basaltic  dikes  in  neighboring  regions,  yet  in 
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Iceland  we  are  able  to  observe  the  connection  between  the  dikes  I 

1  the  lava  outflows.  Professor  Thoroddaen  haa  stated  that  in 
the  great  basaltic  plateau  of  Iceland,  lava  has  welled  out  quietly  ' 
from  the  whole  length  of  fissures  and  often  on  both  sidea  without 
Caving  rise  to  the  formation  of  cones.  At  three  wider  portions  of  ' 
the  great  Eld  cleft,  lava  welled  out  quietly  without  the  formation 
of  cones,  though  here  in  the  southern  prolongation  of  the  fissure, 
where  it  was  narrower,  a  row  of  low  slag  cones  appeared.  Where 
the  lava  outwellings  occurred,  an  area  of  270  square  miles  \ 
flooded. 

The  composition  and  the  properties  of  lava,  —  In  our  study  of  1 
igneous  rocks   (Chapter  IV)  it  was  learned  that  they  are  com- 
posed for  the  most  part  of  silicate  minerals,  and  that  in  their 
chemical  composition  they  represent  various  proportions  of  silica, 


TiQ.  07.  —  Ch&raoterifltic  profili 


slimuna,   iron,   magnesia,    lime,    potash,    and   soda.     The   more 
abundant  of  these  constituents  is  silica,  which  varies  from  35  to  I 
70  per  cent  of  the  whole.     Whenever  the  content  of  silica  is  rela- 
tively low,  —  basic  or  basaltic  lava,  —  the  cooled  rock  is  dark  in 
color  and  relatively  heavy.     It  melts  at  a  relatively  low  tempera- 
ture, and  b  in  consequence  relatively  fluid  at  the  temperatures 
which  lavas  usually  have  on  reaching  the  earth's  surface.     Further- 
more, from  being  more  fluid,  the  water  which  is  nearly  always 
present  in  large  quantity  within  the  lava  more  readily  makes  its   | 
escape  upon  reaching  the  surface.     Eruptions  of  such  lava  are   i 
for  this  reason  without  the  violent  aspects  which  belong  to  extru- 
sions of  more  siliceous  (more  "  acidic  ")   lavas.     For  the  same   | 


■^ 
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reason,  also,  basaltic  lava  Bows  more  freely  and  can  spread  much 
farther  before  it  has  cooled  sufficiently  to  consolidate.  This  is 
equivalent  to  saying  that  its  surface  will  assume  a  flatter  angle  of 
slope,  which  in  the  case  of  basaltic  lava  seldom  exceeds  ten  degrees 
and  may  be  less  than  one  degree  (Fig.  97). 

Siliceous  lavas,  on  the  other  hand,  are,  when  consolidated,  rela- 
tively Ught  both  in  color  and  weight  and  melt  at  relatively  hi^ 
temperatures.  They  are,  therefore,  usually  but  partly  fused  and 
of  a  viscous  consistency  when  they  arrive  at  the  earth's  surface. 
Because  of  this  viscosity  they  offer  much  resistance  to  the  libera- 
tion of  the  contained  water,  which  therefore  is  released  only  to 
the  accompaniment  of  more  or  less  violent  explosions.  The  lava 
is  blown  into  the  air  and  usually  falls  as  consolidated  fragments 
of  various  degrees  of  coarseness. 

It  must  not,  however,  be  assumed  that  the  temperature  of  lara 
is  always  the  same  when  it  arrives  at  the  surface,  and  hence  it 
may  happen  that  a  siliceous  lava  is  exuded 
at  so  high  a  temperature  that  it  beba\-es 
like  a  normal  basaltic  lava.  On  the  other 
hand,  basaltic  lavas  may  be  extruded  at 
unusually  low  temperatures,  in  which  ease 
their  behavior  may  resemble  that  of  the 
normal  siliceous  lavas.  If,  however,  as  is 
generally  the  case,  the  energy  of  explosion 
of  a  basaltic  lava  is  relatively  small,  any 

'" "  ejected  portions  of  the  hquid  lava  travel 

to  a  moderate  height  only  in  the  air,  so  that  on  falling  they  ara 
still  sufficiently  pasty  to 
adhere  to  rock  surfaces 
and  thus  build  up  the 
remarkably  steep  cones 
and  spines  known  as 
"spatter  cones"  or 
"  driblet  cones "  (Fig. 
98).  When,  on  the  other 
hand,  the  energy  of  ex- 
plosion is  great,  as  is  nor- 
mally the  case  with  sili-  ^"^  ^-T'Z  "^  ^^"""^ ..f^*^.'-  '^^-^^ 

•^  .  CDQo  IQ  the  Owena  ralley.  Cslilonua  (after  on 

ceous  lavas,  the  portions       impubliahed  photogrdpb  by  W.  D.  Johnwwi). 
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tf  ejected  lava  have  been  fully  coneolidated  before  their  fall  to  the 
urface,  30  that  they  build  up  the  same  type  of  accumulation  as 

rould  sand  falling  in  the  same  manner.     The  structures  which 
hey  form  are  known  as  tuff,  cinder,  or  ash  cones  (Fig.  99). 
Whenever  the  contained  water  passes  off  from  siliceous  lavas 

itbout  violent  explosions,  the  lava  may  flow  from  the  vent,  but 

I  contrast  to  basaltic  lavas  it  travels  a  short  distance  only  before 
lonsolidating.  The  resulting  mountain  is  in  consequence  propor- 
iuoately  high  and  steep  (Fig.  97).  Eruptions  characterized  by 
iolent  explosions  accompanied  by  a  fall  of  cinder  are  described 

B  explosive  eruptions.     Those  which  are  relatively  quiet,  and  in 

'hich  the  chief  product  is  in  the  form  of  streams  of  flowing  lava, 

re  spoken  of  as  coni'uhive  eruptions. 
The  three  main  types  of  volcanic  mountain.  —  If  the  eruptions 
A  a  volcanic  vent  are  exclusively  of  the  explosive  type,  the  ma- 
erial  of  the  mountain  which  results  is  throughout  tuff  or  cinder, 

id  the  volcano  is  described  as  a  cinder  cone.  If,  on  the  other 
land,  the  vent  at  every  eruption  exudes  lava,  a  mountain  of  solid 
ock  results  which  is  a  lava  dome.  It  is,  however,  the  exception 
a  volcano  which  has  a  long  history  to  manifest  but  a  single 
id  of  eruption.  At  one  time  exuding  lava  comparatively 
luietly,  at  another  the  violence  with  which  the  steam  is  liberated 
ields  only  cinder,  and  the  mountain  b  a  composite  of  the  two 
Iat«rial8  and  is  known  as  a  composite  volcanic  cone. 

The  lava  dome.  —  When  successive  lava  6ows  come  from  a 
rater,  the  structure  which  results  has  the  form  of  a  more  or  less 
erfect  dome.  If  the  lava  be  of  the  basaltic  or  fluid  type,  the 
bpes  are  flat,  seldom  making  an  angle  of  as  much  as  ten  degrees 

tb  the  horizon  and  flatter  toward  the  summit  (Fig.  101,  p.  106). 
t  of  siliceous  or  viscous  lava,  on  the  other  hand,  the  slopes  are 
orrespondingly  steep  and   in  some  cases   precipitous.     To  this 

itter  class  belong  some  of  the  Kuppen  of  Germany,  the  puys  of 

■ntral  France,  and  the  mamelons  of  the  Island  of  Bourljon. 

The  basaltic  lava  domes  of  Hawaii.  —  At  the  "  crossroads  of 
he  Pacific  "  rises  a  double  line  of  lava  volcanoes  which  reach 
rom  20,000  to  30,000  feet  above  the  floor  of  the  ocean,  some 
f  them  among  the  grandest  volcanic  mountains  that  are  known. 
Hore  than  half  the  height  and  a  much  larger  proportion  of  the 
Hilk  of  the  largest  of  these  are  hidden  beneath  the  ocean's  surface. 
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The  two  great  acUve  vents  are  Mokuaweoweo  (od  Mauna  Los) 
and  Eilauea,  distinct  volcanoes  notwithstanding  the  fact  that  their 
lava  extravasations  have  been  merged  in  a  ungle  mass.  The  rim 
of  the  crater  of  Mauna  Loa  is  at  an  elevation  of  13,675  feet  ahore 
the  sea,  whereas  that  of  Kilauea 
IS  less  than  4000  feet  and  ap- 
pears to  rest  upon  the  flank  of 
the  larger  mountain  (figs.  100 
and  101)  Although  one  crater 
IS  but  20  miles  distant  from  the 
other  and  nearly  10,000  feet 
lower,  their  eruptions  have  ap- 
parently been  unsympathetic 
Nowhere  have  atill  active  lava 
mountains  been  subjected  to 
such  frequent  observations  ex- 
tending throughout  a  long  pe- 
nod,  and  the  dynamics  of  their 
Fio  100 —Map  of  Hawaii  and  the  laTB  eniptions  are  fuily  well  undci^ 

volcanoea  of    Mokuaweoweo    (Mauna    etood.      To  put  this  before  the 
Loa)  Bod  Kilauea  (after  the  government  ,         .,       .„    .       l   _.    . 

map  by  Alexander).  "^der,  it  wiU  be  best  to  con- 

sider both  mountains,  f<ff 
though  they  have  much  in  common,  the  observations  from  one  are 
strangely  complementary  to  those  of  the  other.     The  lower  crate" 


Fio.  IDl.  —  Section  through  MauDs  Loa  and  Kilauea. 

being  easily  accessible,  Kilauea  has  been  often  visited,  and  there 
exbts  a  long  series  of  more  or  less  consecutive  observations  upon 
it,  which  have  been  assembled  and  studied  by  Dana  and  Hitch- 
cock. The  place  of  outflow  of  the  Kilauea  lavas  has  not  generally 
been  visible,  whereas  Mokuaweoweo  has  slopes  rising  nearly  14,000 
feet  above  the  sea  and  displays  the  records  of  outSow  of  many 
eruptions,  some  of  which  were  accompanied  by  the  grandest  of 
volcanic  phenomena. 

Lara  movements  within  the  caldron  of  Kilauea.  —  The  crateis 
of  these  mountains  are  the  largest  of  active  ones,  each  being  in 
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etcess  of  seven  miles  in  circumference.  In  shape  they  are  irregu- 
krly  eUipticat  and  consist  of  a  series  of  steps  or  terraces  desccad- 
ing  to  a  pit  at  the  bottom,  in  which  are  open  lakes  of  boiling  lava. 
Enough  is  known  of  the  history  of  Kilauea  to  state  that  the  steep 
cliSs  bounding  the  terraces  are  fault  waits  produced  by  inbreak 
of  a  frozen  lava  surface.  The  cliff  below  the  so-called  "  black 
ledge  "  was  produced  by  the  falling  in  of  the  frozen  lava  surface 
at  the  time  of  the  outflow  of  1840,  the  lava  issuing  upon  the 
Eastern  flank  of  the  mountain  and  pouring  into  the  sea  near 
Nanawale.  Since  that  date  the  floor  of  the  pit  below  the  level 
o(  this  ledge  has  been  essentially  a  movable  platform  of  froaen 
lava  of  unknown  and  doubtless  variable  thickness  which  has  risen 
and  descended  like  the  floor  of  an  elevator  car  between  its  guiding 
Ways  (Fig.  102).  The  floor  has,  however,  never  been  complete, 
for  one  or  more  open  lakes  arc  _  r^  =  ^  t  ,^  =. 
always  to  be  seen,  that  of  Hale- 
nmumau  located  near  the  south- 
irestera  margin  having  been  mufh 
the  most  persistent.  Within  the 
open  lakes  the  boiling  lava  is  ap- 
pareatly  white  hot  at  the  depth 
of  but  a  few  inches  below  the 
surface,  and  in  the  overturnings  of  the  mass  these  hotter  portions 
are  brought  to  the  surface  and  appear  as  white  streaks  marking 
the  redder  surface  portions.  From  time  to  time  the  surface 
freezes  over,  then  cracks  open  and  erupt  at  favored  points  along 
the  fijsures,  sending  up  jets  and  fountains  of  lava,  the  material  of 
which  falls  in  pasty  fragments  that  build  up  driblet  cones.  Small 
Said  riots  are  shot  out,  carrying  a  threadlike  line  of  lava  glass 
behind  them,  the  well-known  "  Pele's  hair."  Sometimes  the  open 
lakes  build  up  congealed  walls,  rising  above  the  general  level  of 
the  pit,  and  from  their  rim  the  lava  spills  over  in  cascades  to 
spread  out  upon  the  frozen  floor,  thus  increasing  its  thickness  from 
above  (Fig.  103).  At  other  times  a  great  dome  of  lava  has  been 
pushed  up  from  the  pit  of  Halemaumau  under  a  frozen  shell,  the 
molten  lava  shining  red  through  cracks  in  its  surface  and  exuding 
so  as  to  heal  each  widely  opened  fissure  as  it  forms. 

At  intervals  of  from  a  few  years  to  nine  or  ten  years  the  crater 
has   been   periodically  drained,  at  which  times  the  movmg  plat- 


lu.  102.  —  Schematic  diagram  to  illus- 
tr&te  the  moving  platform  of  froicn 
lava  which  men  and  f&ils  in  tho  crater 
of  Kilauen. 
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form  of  frozen  lava  has  sunk  more  or  less  rapidly  to  levels 
below  the  black  ledge  and  from  900  to  1700  feet  l>elow  the 
rim.     Following  this  descent  a  slow  progressive  rise  is  inaugurat 
which  has  sometimes  gone  on  at  a  rate  of  more  than  a  huadi 
feet  per  year,  though  it  b  usually  much  slower  than  this.     Wlum 


I 

idnT 


Fio.  103.  —  View  ol  the  opeD  lava  laJce  of  Halemaumau  Trlthio  Ibe  oMx  of 
Kilauca.  the  molten  lava  Bhown  cascadius  over  tbe  rused  Ikva  walls  oo  to  llu 

flour  of  the  pit  (after  Pavlow). 

the  platform  has  reached  a  height  varying  from  700  to  350  tcet 
below  the  crater  rim,  another  sudden  settlemeot  occurs  which 
again  carries  the  pit  Soor  downward  a  distance  of  from  300  to  700 
feet. 

The  draining  of  the  lavs  caldrons. — The  changes  which  go  on 
within  the  crater  of  Mokuaweoweo,  though  less  studied  than 
those  of  Kilauea,  appear  to  be  in  some  respects  different.  Here 
every  eruption  seems  to  be  preceded  by  a  more  or  less  rapid  influx 
of  melted  lava  to  the  pit  of  the  crater,  this  phenomenon  being 
observed  from  a  distance  as  a  brilliant  light  alxive  the  crater  — 
the  reflection  of  the  glow  from  overhanging  vapor  clouds.  The 
uprising  of  the  lava  has  often  been  accompanied  by  the  formation 
of  high  lava  fountains  upon  the  surface,  and  the  molten  lava 
sometimes  appears  in  fissures  near  the  crater  rim  at  levels  well 
above  the  lava  surface  within  the  pit. 
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Although  in  many  cases  the  lava  which  has  thus  flooded  the 
oater  has  suddenly  drained  away  n'itliout  again  becoming  visible, 
it  is  probable  that  in  such  cases  an  outlet  has  been  found  to  some 
Bub marine  exit,  since  under-ocean  dischai^e  effects  have  beea 
observed  in  connection  with  eruptions  of  each  of  the  volcanoes. 

Inasmuch  as  no  earthquakes  are  felt  in  connection  with  such 
outflows  as  have  been  described,  it  is  probable  that  the  bot  lava 
fuses  a  passageway  for  itself  into  some  open  channel  underneath 
the  flanks  of  the  mountain.  Such  a  course  is  well  illustrated  by 
the  outflow  of  Kilauea 
in  1840,  when,  it  will 
be  remembered,  oc- 
curred the  great  down- 
plunge  of  the  crater 
that  j-ielded  the  pit 
below  the  blaek  ledge. 
At  this  time  the  lava 
first  made  its  appear- 
ance upon  the  flanks 
of  the  mountain  at  the 
bottom  of  a  small  pit 
or  inbreak  crater 
which  opened  five 
miles  southeast  of  the 
main  crater  of  Kilauea 
(Fig.  104).  Within 
this  new  crater  the 
lava  rose,  and  small  ejections  soon  followed  from  fissures  formed  in  ! 
its  neighborhood.  Some  time  after,  the  lava  sank  in  the  first  new 
crater,  only  to  reappear  successively  at  other  small  openings  (Fig, 
ItM.  B,  C,  m,  n)  and  finally  to  issue  in  volume  at  a  point  eleven 
miles  from  the  shore  and  flow  thereafter  upon  the  surface  of  the 
mountain  until  it  had  reached  the  sea.  Only  the  slightest  earth 
tremors  were  felt,  and  as  no  rumblings  were  heard,  it  is  evident 
that  the  lava  fused  its  way  along  a  buried  channel  largely  open  at 
the  time  (see  below,  p.  112). 

In  a  majority  of  the  eruptions  of  Mokuaweoweo,  when  the   i 
outflowing  lavas  have  become  visible,  the  molten  rock  has  ap- 
parently fused  its  way  out  to  the  surface  of  the  mountain  at 


I 
I 


Fio  104  — Map  showing  the  maimer  of  outflow  of 
lava  from  Kilauea  duntis  the  bTuptian  of  1840. 
The  outflowi&e  lava  made  its  appeoraaca  succEfl- 
Eivdy  at  the  points  A,  B,  C,  m.  n,  and  finallj'  at  a 
point  below  n.  from,  whsnou  it  issued  in  volume  and 
flowed  down  to  the  aca  at  Namtwale  (after  J.  D. 
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points  from  1000  to  3000  feet  below  the  bottom  of  the  crater, 
and  this  discharge  has  corresponded  in  time  to  the  lowering 
of  the  lava  surface  within  the  crater.  There  are,  however, 
three  instances  upon  record  in  which  the  lava  issued  from  definite 
rents  which  were  formed  upon  the  mountain  Sanka  at  compam- 
tively  low  levels.  In  contrast  to  the  formation  of  fused  outlets. 
these  ruptures  of  a  portion  of  the  mountiun's  flank  were  alwaj's 
accompanied  by  vigorouB  local  earthquakes  of  short  duration.  In 
one  instance  (the  eruption  of  1851)  such  a  rent  appeared  under 
the  same  conditions  but  at  an  elevation  of  12,500  feet,  or  near 
the  level  of  the  lava  in  the  crater. 

The  outflow  of  the  lava  floods.  — ■  In  order  to  properly  com- 
prehend these  and  many  otherwise  puzzling  phenomena  connected 


till,  105.^ — Lava  of  Matavanu  upon  tbo  Isl&iid  of  Savaii  flowing  down  to  Ux 
sea  during  the  eruption  of  1903,  Thv  caiu'se  may  be  foUowedby  the  jeUofltiillli 
eacapiDR  from  the  surface  do-wn  to  the  great  Eteam  oloud  which  riaca  whete  Uio 
fluid  lava  discharges  into  the  Bca  (after  H,  I.  Jciisea). 

with  volcanoes,  it  is  necessary  to  keep  ever  in  mind  the  quite 
remarkable  heat-insulating  property  of  congealed  lava.  So  soon 
as  a  thin  crust  has  formed  upon  the  surface  of  molt«n  rock,  the 
heat  of  the  underlying  8uid  mass  is  given  off  with  extreme  slow- 
ness, so  that  lava  streams  no  longer  connected  with  their  internaLa 
lava  reservoirs  may  remain  molten  for  decades.  fli 

We  have  seen  that  for  Mokuaweoweo  and  Kilauea,  lava  eitbaH 
quietly  melts  its  way  to  the  surface  at  the  time  of  outflow,  of 
■else  produces  a  rent  for  its  egress  to  the  accompaniment  of  vigor- 
ous local  earthquakes.     In  either  case  if  the  lava  issues  at  a  point 
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t  below  the  erater,  gigantic  lava  fountains  arise  at  the  point  of 
jitflow,  the  Suid  rock  shooting  up  to  heights  which  range  from 
K)  to  600  or  more  feet  above  the  surface.  A  certain  proportion 
this  fluid  lava  is  sutGciently  cooled  to  consolidate  while  travel- 
|g  in  the  air,  and  falling,  it  builds  up  a  cinder  cone  which  is  left 
I  a  location  moDument  for  the  place  of  discharge.  From  this 
itlet  the  molten  lava  be^ns  its  journey  down  the  slope  of  the 
kiuatoin,  and  quickly  freezes  over  to  produce  a  tunnel,  beneath 
le  roof  of  which  the  fluid  lava  flows  with  comparatively  slow 
Irther  loss  of  heat.  Save  for  occasional  steam  jets  issuing  from 
pi  surface,  it  may  give  little  indication  of  its  presence  until  it  has 
ioched  the  sea  (Fig.  105}. 

I  If  sufficient  in  volume  jind  the  shore  be  not  too  distant,  the 
tream  of  lava  arrives  at  the  sea,  where,  discharging  from  the 


i 


Douth  of  its  tunnel,  it  throws  up  vast  volumes  of  steam  and  in- 
Inces  ebullition  of  the  water  over  a  wide  area  (Fig.  106).     Pro- 
lessor  Dana,  who  visited  Hawaii  a  few  months  only  after  the 
•at  outflow  of  1840,  states  that  the  lava,  upon  reaching  the 
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[G,  107.  —  DittBlamniat 
■eiitatiou  of  the  stnictu 
flaoks  of  lava  volcaooe; 
Bulb  of  the  dtainiiiK  of  [roiea  lava 


ocean,  was  shivered  like  melted  glass  and  thrown  up  in  millions  a 
particles  which  darkened  the  aky  and  fell  like  hail  over  the  but- 
rovnding  country.  The  light  was  so  bright  that  at  a  distance  of 
forty  miles  fine  print  could  be  read  at  midnight. 

Protected  from  any  extensive  consolidation  by  its  congealed 
cover,  the  lava  within  a  stream  may  all  drain  away,  leaving  behind 
an  empty  lava  tunnel,  which  in  the 
of    the    Hawaiwn    volcanoes 
sometimes  has  its   roof   hung  mth 
beautiful    lava   stalactitea   and  its 
oV'tho   floor  studded  with  thin  lava  spines. 
e  are-   Later  lava  outflows  over  the  same 
leighboring  combes   bury  Euch 
°  ^  tunnels  beneath   others   of  drailar 

nature,  ^ving  to  the  mountain  flanks  an  elongated  cellular  struc- 
ture illustrated  schematically  in  Fig.  107.  These  buried  channels 
may  in  the  future  be  again  utilized  for  outflows  similar  in  char- 
acter to  that  of  Kilauea  in  1840. 

While  the  formation  of  lava  stalactites  ot  such  perfection  and 
beauty  is  pecuhar  to  the  Hawaiian  lava  tunnels,  the  formation  of 
the  tunnel  in  connection  with  lava  outflow  is  the  rule  wherever  a  dis- 
sipation at  the  end  has  permitted  of  drainage.  A  few  hours  oaly 
after  the  flow  has  begun,  the  frozen  surface  has  usually  a  thickness 
of  a  few  inches,  and  this  cover  may  be  walked  over  with  the  lava  still 
molten  below.  At  first  in  part  supported  by  the  molten  lava,  the 
tunnel  roof  sometimes  caves  in  so  soon  as  drainage  has  occurred. 

Wherever  basaltic  lava  has  spread  out  in  valleys  on  the  surface 
of  more  easily  eroded 
material,  either  cinder 
or  sedimentary  forma- 
tions, the  softer  inter- 
vening ridges  are  first 
carried  away  by  the 
eroding  agencies,  leav- 
ing the  lava  as  cappings 
upon  residual  eleva- 
tions. Thus  are  derived  a  type  of  table  mountain  or  mesa  of  the 
sort  well  illustratetl  upon  the  western  slopes  of  the  Sierra  Ne- 
vadas  in  California  (Fig.  108). 


'Id.  108.-— Diaftrom  to  sbuw  the  manner  of  I 
tioa  of  mrsas  or  table  mouDtaios  by  the  o 
of  lavB  in  vaJleya  and  the  aubscquent  more 
erosion  of  the  interreaiag  ridsea.  A.  earlie 
valley  ;  R'R',  later  valleys. 
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Fio.  109.  —  Surface  of  l&va  of  the  Pahoehoe  type. 

The  surface  which  flowing  lava  assumes,  while  subject  to  con- 
Biderable  variation,  may  yet  be  classified  into  two  rather  distinct 
types.  On  the  one  hand  there  ia  the  billowy  surface  in  which 
ellipsoidal  or  kidney-shaped  masees,  each  with  dimensions  of  from 
one  to  several  feet,  lie  merged 
in  one  another,  not  unhke  an 
irregular  collection  of  sofa 
pillows.  This  type  of  lava  has 
become  known  as  the  Pakoehoe, 
from  the  Hawaiian  occurrence 
(Fig.  109J.  A  variation  from 
this  type  is  the  "  corded  "  or 

ropy "  lava,  the  surface  of 
which  much  resembles  rope  as 
it  b  coiled  along  the  deck  of 
a  vessel,  the  coils  being  here  the 
lines  of  scum  or  scoriee  arranged 
in  thia  manner  by  the  currents 
at  the  surface  of  the  stream 
(Fig-  123,  p.  124).  A  quite 
different  type  is  the  block  lava 
(Aa  type)  which  usually  has  a 
ragged  scoriaceous  surface  and 
consists  of  more  or  less  separate 
fragments  of  cooled  lava  (Fig 
131,  p.  130). 


^a.  110.  — Three  Buccesaive  vigwh  to 
illiutrato  the  jirawth  of  tho  Island  of 
Savnii  From  the  outflow  of  lava  at 
Mstavanu  in  the  year  1906.  a,  near  the 
beginnins  ol  the  outflow :  b.  some  weelci 
later  than  a ;  c.  lome  weeks  later  than 
b  (after  H.  I.  Jeoaen). 
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Wherever  lava  flows  into  the  sea  in  quantity,  it  extends  the 
margin  of  the  shore,  often  by  considerable  areas.  The  outflow  of 
Kilauea  in  1840  extended  the  shore  of  Hawaii  outward  for  the 
distance  of  a  quarter  of  a  mile,  and  a  more  recent  illustration  of 
such  extension  of  land  masses  is  furnished  by  Fig.  110. 


CHAPTER  X 

THE  RISE   OF   MOLTEN  ROCK   TO   THE  EARTH'S 
SURFACE 

VOLCANIC  MOUNTAINS  OF  EJECTED  MATERULS 
The  mechanics  of  crater  explosions.  —  If  we  now  turn  from 
the  lava  volcano  to  the  active  cinder  cone,  we  encounter  an  entire 
change  of  scene.  In  place  of  the  quiet  flow  and  convulsive  move" 
ments  of  the  molten  lava,  we  here  meet  with  repeated  explosions 
of  greater  or  less  violence.  If  we  are  to  profitably  study  the 
manner  of  the  explosions,  considering  the  volcanic  vent  as  a  great 
experimental  apparatus,  it  would  be  well  to  select  for  our  purpose 
a  volcano  which  is  in  a  not  too  violent  mood.  The  well-known 
cinder  cone  of  Stromboli  in  the  Eolian  group  of  islands  north  of 
Sicily  has,  ivith  short  and  unimportant  interruptions,  remained  in 
a  state  of  light  explosive  activity  since  the  beginning  of  the  Chris- 
tian era.  Rising  as  it  does  some  three  thousand  feet  directly  out 
of  the  Mediterranean,  and  displaying  by  day  a  white  steam  cap 
and  an  intermittent  glow  by  night,  its  aimimit  can  be  seen  for  a 
distance  of  a  hundred  miles  at  sea  and  it  has  justly  been  called 
the  "  Lighthouse  of  the  Mediterranean."  The  " flash  "  interval 
of  this  beacon  may  vary  from  one  to  twenty  minutes,  and  it  may 
show,  furthermore,  considerable  variation  of  intensity. 

For  the  reason  that  the  crater  of  the  mountain  is  located  at 
one  side  and  at  a  considerable  distance  below  the  actual  summit, 
the  opportunity  here  afforded  of  looking  into  the  crater  is  most 
favorable  whenever  the  direction  of  the  wind  is  such  aa  to  push 
aside  the  overhanging  steam  cloud  (Fig.  III).  Long  ago  the 
Italian  vulcanologist  Spallanzani  undertook  to  make  observations 
from  above  the  crater,  and  many  others  since  his  day  have  profited 
by  his  example. 

Within  the  crater  of  the  volcano  there  is  seen  a  lava  surface 

lightly  frozen  over  and  traversed  by  many  cracks  from  which 

vapor  jets  are  issuing.     Here,  as  in  the  Kilaiiea  crater,  there  are 

open  pools  of  boiling  lava.     From  some  of  these,  lava  is  seen 
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welling  out  to  overflow  the  frozen  surface;  from  others,  attamil 
ejected  in  puffs  as  though  from  the  stack  of  a  locomotive.  ffitUii  I 
others  lava  is  seen  heaving  up  and  down  in  violent  ebullition,  and  ^ 
at  int«rvals  a  great  bubble  of  steam  is  ejected  with  explosive  m-  ] 
lence,  carrying  up  with  it  a  considerable  quantity  of  the  slffl  I 
molten  lava,  together  with  its  scumlike  surface,  to  fall  outside  ^  J 
crater  and  rattle  down  the  mountain's  elope  into  the  sea.  F(J-  | 
lowing  this  explosion  the  lava  surface  in  the  poo!  is  low-ered  « 
the  agitation  is  renewed,  to  culminate  after  the  further  lapse  of 
few  minutes  in  a  second  explosion  of  the  same  nature.     The  ri 

of  the  lava  which  | 
precedes  the  ejection 
appears  at  night  as  a 
brighter  reflection  or 
glow  from  the  over- 
hanging steam  cloud 
—  the  flash  seen  by 
the  mariner  from  his 
vessel. 

What  is  going  on 
within  the  crater  of 
Stromboli  we  may 
perhaps  best  illus- 
trate by  the  boiling  i 
of  a  stiff  ponid^ 
over  a  hot  fire.  Any  one  who  has  made  corn  mush  o\'er  a  hot 
camp  fire  is  fully  aware  that  in  proportion  as  the  mush  becomes  , 
thicker  by  the  addition  of  the  roeal,  it  is  necessary  to  stir  the 
mass  with  redoubled  vigor  if  anything  is  to  be  retained  within  the 
kettle.  The  thickening  of  the  mush  increases  its  viscosity  to  Bodi 
an  extent  that  the  steam  which  is  generated  within  it  is  unable  to 
make  its  escape  unless  aided  by  openings  continually  made  for  it 
by  the  stirring  spoon.  If  the  stirring  motion  be  stopped  for  » 
moment,  the  steam  expands  to  form  great  bubbles  which  soon 
eject  the  pasty  mass  from  the  kettle. 

For  the  crater  of  Stromboli  this  process  ia  illustrated  by  the 
series  of  diagrams  in  Fig.  112.  As  the  lava  rises  toward  the 
surface,  presumably  as  a  result  of  convectional  currents  within 
the  chimney  of  the  volcano,  the  contained  steam  is  reUeved  from 
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Fto.  111.  —  The  volcano  of  Stromboli,  sbowiug  the 
aicentria  positioa  of  the  crater  (after  a  sketch  by 
Judd). 
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so  that  at  some  depth  below  the  surface  it  begins  to 
ite  out  in  minute  vesicles  or  bubbles,  which,  expanding  as 
rise,  acquire  a  rapidly  accelerating  velocity.  Soon  they  flow  i 
ler  with  a  quite  sudden  increase  of  their  expansive  energy, 
now  shooting  upward  with  further  accelerated  velocity,  a 
UjCT  of  liquid  lava  with  its  cover  of  scum  is  raised  on  the  surface 
of  a  ^gantic  bubble  and  thrown  high  into  the  aJr.  Cooled  during 
(beir  flight,  the  quickly  congealed  lava  masses  become  the  tuff  or 
volcanic  ash  which  is  the  material  of  the  cinder  cone. 


(rr.,).)v 


Flo.  112,  —  Diaeraois  tc 

StfomboU. 

Grander  volcanic  eruptions  of  cinder  cones.  ~~  Most  cinder  and 
composite  cones,  in  the  intervals  between  their  grander  eruptions, 
if  not  entirely  quiescent,  lapse  into  a  period  of  light  activity 
during  which  their  crater  eruptions  appear  to  be  in  all  essential 
respects  hke  the  habitual  explosions  within  the  Strom bolian 
crater.  This  phase  of  activity  is,  therefore,  described  as  Slrom- 
boli'an.  By  contrast,  the  occasional  grander  eruptions  which  have 
punctuated  the  history  of  all  larger  volcanoes  are  descriljed  in 
the  language  of  Mercalli  as  Vidcanian  eruptions,  from  the  best 
studied  example. 

Just  what  it  is  that  at  intervals  brings  on  the  grander  Vul- 
canian  outburst  within  a  volcano  is  not  known  with  certainty; 
but  it  is  important  to  note  that  there  is  an  approach  to  periodicity 
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in  the  grander  eruptions.  It  is  generally  possible  to  diatii 
eruptions  of  at  least  two  orders  of  intensity  greater  than  the 
Strombolian  phase ;  a  grander  one,  the  examples  of  which  may 
be  separated  by  centuries,  and  one  or  more  orders  of  relatively 
moderate  intensity  which  recur  at  intervals  perhaps  of  decades, 
their  time  intervula  subdividing  the  larger  periods  marked  off  by 
the  eruptions  of  the  first  order. 

The  eruption  of  Volcano  in  i888.  —  In  the  Eolian  Islands  to 
the  north  of  Sicily  was  located  the  mythical  forge  of  Vuicsn. 
From  this  locality  has  come  our  word  "volcano,"  and  both  Ibc 
island  and  the  mountain  bear  no  otber 
name  to-day  (Fig.  113).  There  is  in  the 
structure  of  the  island  the  record  of  a 
somewhat  complex  volcanic  history,  but 
the  form  of  the  large  central  cinder  cone 
was,  according  to  Scrope,  acquired  during 
the  eruption  of  1786,  at  which  time  the 
crater  is  reported  to  have  vomited  ash  for 
a  period  of  fifteen  days.  Passing  after 
this  eruption  into  the  solfatara  condition, 
with  the  exception  of  a  light  eruption  in 

'^ ^T! 'f■^.        1873,   the   volcano   remained    quiel   until 

cBQo  in  the  ai^iao  RTOup  18^6.  So  active  had  been  the  fuineroles 
of  isittndB.  The  BtnftilEr  within  the  Crater  during  the  latter  part,  of 
craterBpaniallydisaeotfid  this  period  that  an  extensive  plant  had 
been  established  there  for  the  collection 
especially  of  boracieacid.  In  1886  occurred 
a  slight  eruption,  sufficient  to  clear  out  the  bottom  of  the  crater, 
though  not  seriously  to  disturb  the  English  planter  whose  vine- 
yards and  fig  orchards  were  in  the  valley  or  atrio  near  the  point  d 
upon  the  map  (Fig.  113),  nearly  a  mile  from  the  crater  rim.  On 
the  3d  of  August,  1888,  came  the  opening  dischai^e  of  an  eruption, 
which,  while  not  of  the  first  order  of  magnitude,  was  yet  the  greatest 
in  more  than  a  century  of  the  mountain's  history,  and  may  serve  us 
to  illustrate  the  Vulcanian  phase  of  activity  within  a  cinder  cone. 
During  the  day,  to  the  accompaniment  of  explosions  of  consider- 
able violence,  projectiles  fell  outside  the  crater  rim  and  rolled 
down  the  steep  slopes  toward  the  airio.  These  explosions  were 
repeated  at  int«rvals  of  from  twenty  to  thirty  minut«s,  each 
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'  begiiining  in  a  great  upward  rush  of  steam  and  ash,  accompanied 
by  a  low  rumbling  sound.  During  the  following  night  the  enip- 
tiona  mcreased  in  violence,  and  the  anxious  planter  remained  on 
Watch  in  his  villa  a  mile  from  the  crater.  Falling  asleep  toward 
morning,  he  was  rudely  awakened  by  a  rain  of  projectiles  falling 
upon  his  roof.  Hastily  snatching  up  his  two  children  be  ran 
toward  the  door  just  as  a  red  hot  projectile,  some  two  feet  in  di- 
ameter, descended  through  the  roof,  ceiling,  and  floor  of  the  drawing 
.room,  setting  fire  to  the  building.  A  second  projectile  similar  to 
the  Erst  was  smashed  into  fragments  at  his  feet  as  he  was  emerg- 
ing from  the  house,  burning  one  of  the  children.  Making  his 
ttcape  to  Vulcanello  at  the  extremity  of  the  island,  the  remainder 
of  the  night  and  the  following  day,  until  rescue  came  from  Lipari, 
irere spent  just  beyond  the  range 
ti  the  falling  masses. 

When  the  writer  visited  the 
iaad  some  months  later,  the 
Eruption  was  still  so  vigorous  that 
crater  could  not  l>e  reached. 
rhe  ruined  villa,  smashed  and 
liarred,  stood  with  its  walls  half 
uried  in  ash  and  lapilli,  among 
rhich  were  partly  smashed  pumi- 

eous  lava  projectiles.  The  entire  atrio  about  the  mountain  lay 
uried  in  cinder  to  the  depth  of  several  feet  and  was  strewn  with 
Bojectiles  which  varied  in  size  from  a  man's  fist  to  several  feet 
B  diameter  (Fig.  114).  The  larger  of  these  exhibited  the  peculiar 
bread-crust "  surface  and  had  generally  been  smashed  by  the 
brce  of  their  fall  after  the  manner  of  a  pumpkin  which  has  been 
iirown  hard  against  the  ground.  One  of  these  projectiles  fully 
hree  feet  in  diameter  was  found  at  the  distance  of  a  mile  and  a 
lalf  from  the  crater.  Though  diminished  considerably  in  inten- 
ity,  the  rhythmic  explosions  within  the  crater  still  recurred  at 
ntervals  varjdng  from  tour  minutes  to  half  an  hour,  and  were 
Kcompanied  by  a  dull  roar  easily  heard  at  Lipari  on  a  neighboring 
lUnd  six  miles  away.  Simultaneously,  a  dark  cloud  of  "  smoke," 
be  peculiar  "  cauliflower  cloud  "  or  pino  mounted  for  a  couple 
if  miles  above  the  crater  (Fig.  115),  and  the  rise  was  succeeded 
Igr  a  rain  of  small  lava  fragments  or  lapilli  outside  the  crater  rim. 


114.  ^■' Bread-erust"  lava  pro- 
:tilp  from  the  eruption  of  VolCBa» 
188S  (after  MercaUi). 
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There  aeems  to  be  no  good 
reason  to  doubt  that  Vulcaniaii 
(»nder  eruptions  of  this  trpe 
diffw  chiefly  in  magnitude  bom 
the  rhythmic  ezploedon  witim 
the  crater  of  Stromboli,  if  m 
except  the  elevation  of  a  cob- 
siderable  quantity  of  acoe»- 
'^•^■-''  ;  \-'''>v*';'^,1-T*:«''^-  8ory  and  old^  tuff  wluch  k 
Fio.  115.— Peculiar  "cauMowra  cloud"    derived  from  the  inner  walls 

or  piru)  compoaed  ot  steam  and  ash.     of  the   Crater  and   Carried  up- 

rising  above  the  ciuder  con,  oivoic.no    ^^^^    ■^J^^^    jhe    air    together 

during  the  waning  phaaea  of  the  eiplo-  -l  _.  i  r   t      L 

rive  eruption  ot  1888  (after  a  photo-     With  the  pasty   calces  Of  frOB 

graph  by  B.  Hobaoti).  lava  derived  from  the  chinm^. 

It   is   this   accessory  matoial 

which  gives  to  the  pino  its  dark  or  even  black  appearance. 
The   eruption  of  Taal  volcano  on   Januaiy  30     19x1  — Tbt 

recent  eruption  of  the  cinder 

cone  known  as  Taal  volcano 

is  of  interest,  not  only  because 

so  fresh  in  mind,  but  because 

two  neighboring  vents  erupted 

simultaneously  with  explosions 

of  nearly  equal  violence  (Fig. 

116).  This  Philippine  vol- 
cano lies  near  the  center  of  a 

lake    some    fifteen    miles    in 

diameter  and  about  fifty  miles 

south  of  the  city  of  Manila. 

After  a  period  of  rest  extend- 
ing over  one  hundred  and  fifty 

years,   the  symptoms   of  the 

coming     eruption     developed 

rapidly,  and  on  the  morning 

of   January   30  grand   expk)-  _ 

sions  of  steam  and  ash  oc-    v'-^-i*         X^^^^  ~ 

curred  simultaneously  in  the  '^ 

neighboring  craters,   and  the    ^2:  \"  -Do""«  «»»<-"»  •™Pt»°  ^ 
,  ,  .  Taal  voloano  on  tM  moniuiK  of  Januniy 

condensed    moisture    brought      30,  i9ti. 
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down  the  ash  m  an  avalaache  of  scalding  mud  which  buried  the 
entire  island.  Almost  the  entire  populatioa  of  the  island,  num- 
bering    several     hundreds, 


was  literally  buried  in  the 
blistermg  mud  {Fig.  117); 
and  the  gases  from  the  ex- 
plosions carried  to  the  dis- 
tant shores  of  the  lake 
added  to  this  number  many 
hundred  victims. 

The  shocks  which  accom- 
panied the  explosions  raised 
a  great  wave  upon  the  sur- 
face of  the  lake,  which,  ad- 
vancing upon  the  shores 
washed  awaj  structures  for 
a  distance  of  nearlj  a  half 
mile 

The  materials  and  the 
structure  of  cinder  cones 
—  Ob^^ouBlv  the  matenalb 
which  compose  cmder  cones 
are  the  cooled  lava  frag- 
ments of  various  degrees  of 
ooatwness  which  have  been  ejected  from  the  crater.  If  larger 
than  a  finger  joint,  such  fragments  are  referred  to  as  volcanic 
projectilea,  or,  incorrectly,  as  "  volcanic  bombs."  Of  the  larger 
it  is  often  true  that  the  force  of  expulsion  has  not  been 
applied  opposite  the  cen- 
ter of  mass  of  the  body. 
Thus  it  follows  that  they 
undergo  complex  whirl- 
ing motions  during  their 
flight,  and  being  still 
semiliquid,  they  develop 
curious  pear-shaped  or 
less  regular  forms  (Fig. 
118).  When  crystals 
have    already   separated 


Fro  117  —The  thick  mud  veneer  upon  tho 
island  of  TaaJ  (after  h  photograph  by 
Deniaton). 


I.  —  A  pear-shaped  lava  projectile. 
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out  in  the  lava  before  its  rise  in  the  chimney  of  the  volcano,  the 
surrounding  fluid  lava  may  be  blown  to  finely  divided  volcaaie 
dust  which  floats  away  upon  the  wind,  thus  leaving  the  crystals 
intact  to  descend  as  a  crystal  rain  about  the  crater.  Such  a 
shower  occurred  in  connection  with  the  eruption  of  Etna  in  1669, 
and  the  black  augite  crystals  may  to-day  be  gathered  by  the 
handful  from  the  slopes  of  the  Monti  Rossi  (Fig.  125,  p.  125). 

The  term  lapilliy  or  sometimes  rapiUi,  is  applied  to  the  ejected 
lava  fragments  when  of  the  average  size  of  a  finger  joint.    This  is 

the  material  which  still 
partially  covers  the  un- 
exhumed  portions  of  the 
city  of  Pompeii.  Vol- 
canic sand,  ashy  and  dud 
are  terms  applied  in 
order  to  increasin^y 
fine  particles  of  the 
ejected  lava.  The  finest 
material,  the  volcanic 
dust,  is  often  carried 
for  hundreds  and  some- 
times even  for  thou- 
sands of  miles  from  the 
crater  in  the  high-level 
currents  of  the  atmos- 
phere. Inasmuch  as 
this  material  is  de- 
posited far  from  the 
crater  and  in  layers 
more  or  less  horizontal, 
such  material  plays  a  small  r61e  in  the  formation  of  the  cinder 
cone.  The  coarser  sands  and  ash,  on  the  other  hand,  are  the 
materials  from  which  the  cinder  cone  is  largely  constructed. 

The  manner  of  formation  and  the  structure  of  cinder  cones 
may  be  illustrated  by  use  of  a  simple  laboratory  apparatus  (Fig. 
119).  Through  an  opening  in  a  board,  first  white  and  then 
colored  sand  is  sent  up  in  a  light  current  of  air  or  gas  supplied 
from  suitable  apparatus.  The  alternating  layers  of  the  sand 
form  in  the  attitudes  shown ;   that  is  to  say,  dipping  inward  or 


Fio.  1 19.  —  Artificial  production  of  the  structure  of 
a  cinder  cone  with  use  of  colored  sands  carried  up 
in  alternation  by  a  current  of  air  (after  G.  Linck). 
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oward  the  chimney  of  the  volcano  at  all  points  within  the  crater 
im,  and  outward  or  away  from  it  at  all  points  outside  (Fig.  119). 
I  the  experiment  is  carried  so  far  that  at  its  termination  sand 
iBdes  down  the  crater  walls  into  the  chimney  befow,  the  inward 
tipping  layers  will  be  truncated,  or  even  removed  entirely,  as 
ihown  in  Fig.  119  b. 

The  profile  lines  of  cinder  cones.  —  The  shapes  of  cinder  cones 
ire  notably  different  from  those  of  lava  mountains.    While  the 


to.  120.  —  DisgTUD  to  ahon  the  contraat  between  a  lava  dome  and  aciDder  coae. 
AAA,  diider  ooiie  ;  BabC,  lava  dome;  DE,\\aB  of  low  cinder  coaes  above  a  Bseure 
(■tMc  Tbotoddaon). 

fetter  are  domes,  the  mountains  constructed  of  cinder  are  conical 
imd  have  curves  of  profile  that  are  concave  upward  instead  of 
convex  {Fig.  120).  In  the  earlier  stages  of  its  growth  the  cinder 
cone  has  a  crater  which  in  proportion  to  the  height  of  the  moun- 
tain is  relatively  broad  (Fig.  99,  p.  104). 

Speaking  broadly,  the  diameter  of  the  crater  is  a  measure  of 
tiie  violence  of  the  explosions  within  the  chimney.  A  single  series 
of  short  and  violent  explosive 
eruptions  builds  a  low  and 
broad  cinder  cone.  A  long- 
continued  succession  of  moder- 
ately violent  explosions,  on  the 
other  hand,  builds  a  high  cone 
with  crater  diameter  small  if 
compared  with  the  mountain's 
altitude,  and  the  profile  afforded 

is  a  remarkably  beautiful  sweep-  Fio-  lai.  — Mayon  volcano  on  the  island 
ing  curve  (Fig.  121).  Toward  "!  J""""-  ^'^  *  ^'^^^•^^y  pericrt 
^^  f  high  cinder  eone. 

the  summit  of  such  a  cone  the 

loose  materials  of  which  it  is  composed  are  at  as  steep  an  angle 
as  they  can  lie,  the  so-called  angle  of  repose  of  the  material; 
whereas  lower  down  the  flatter  slopes  have  been  determined  by  the 
distribution  of  the  cinder  during  its  fall  from  the  air.    When  one 


"^7^- 


I 
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makes  the  ascent  of  such  a  mountain,  he  encounters  continaalljr 
steeper  grades,  with  the  most  difficult  slope  just  below  the  crest 

The   composite   cone.  —  The  life 
histories  of  volcanoes  are  generally 
so  varied  that  lava  domes  and  the 
pure  types  of  cinder  cones  are  less 
Fig  122.  ~  A  scnea  of  breached   common  than  volcanoes   in  which 

cinder  cones  where  the  place  of  ,  x»         i.  ix         j.  j 

eruption  has  migrated  along  the  paroxysmal  eruptions  have  alternated 
underlying  fissure.  The  Puys  with  explosions,  and  where,  therefore, 
Noir.  Solas,  and  La  Vache  in  the   ^j^^  structure  of  the  mountain  repie. 

Mont  Dore  Province  of  central  ..       *  i  *    •    j 

France  (after  Scrope).  ^^^^  »  Composite  of  lava  and  cmd». 

Such  composite  cones  possess  a  skde- 
ton  of  solid  rock  upon  which  have  been  built  up  alternate  sloping 
layers  of  cinder  and  lava.  In  most  respects  such  cones  stand  in 
an  intermediate  position  be- 
tween lava  domes  and  cinder 
cones. 

Regarded  as  a  retaining  wall 
for  the  lava  which  mounts  in 
the  chimney,  the  cinder  cone 
is  obviously  the  weakest  of 
all.  Should  lava  rise  in  a 
cinder  cone  without  an  ex- 
plosion occurring,  the  cone  is 
at  once  broken  through  upon 
one  side  by  the  outwelling 
of  the  lava  near  the  base. 
Thus  arises  the  characteristic 
breached  cone  of  horseshoe 
form  (Fig.  122). 

Quite  in  contrast  with  the 
weak  cinder  cone  is  the  lava 
dome  with  its  rock  walls  and 
relatively  flat  slopes.  Con- 
sidered as  a  ret£iining  wall  for 
lava  it  is  much  the  strongest 
type  of  volcanic  mountain, 
and  it  is  likely  that  the  hydrostatic  pressure  of  the  lava  within 
the  crater  would  seldom  suffice  to  rupture  the  walls,  were  it  not 


Fio.  123.  —  The  bocca  or  mouth  upon  the 
inner  cone  of  Mount  Vesuvius  from  which 
flowed  the  lava  stream  of  1872.  This 
lava  stream  appears  in  the  foreground 
with  its  characteristic  *'  ropy  '*  surface. 
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the  molten  rock  first  fuses  its  way  into  old  stream  tunnels 
sd  under  the  mountain  slopes  (see  ante,  p.  112).  Composite 
s  have  a  strength  as  retaining  walls  for  lava  which  is  inter- 
iate  between  that  of  the 
T  types.  Their  Vulcanian 
itions  of  the  convulsive 
!  are  initiated  by  the  forma- 

of  a  rent  or  fissure  upon 
mountain  flanks  at  eteva- 
s  well  above  the  base,  the 
ling  of  the  fissure  being 
;raUy  accompanied  by  a 
1  earthquake  of  greater  or 

violence.  From  one  or 
e  such  fissures  the  lava 
M  usually  with  sufficient 
■nee  at  the  place  of  outflow  to  build  up  over  it  either  an 
rged  tj-pe  of  driblet  cone,  referred  to  as  a  "  mouth,'-'  or  bocca ' 
;.  123),  or  one  or  more  cinder  cones  which  from  their  position 
a  the  flanks  of  the  larger  volcano  are  referred  to  as  parasitic 


-  A  row  o(  piirUBiliP  tooca  taiaed 
above  B  fiasuTB  which  wSH  opHOcd  upoQ 
the  Qanks  uf  Mount  Etna  cturing  the 
eniption  of  1892  (after  Do  Lorenlo). 


135.  —  View  lookjag  toward  the  mimmit  of  Etna  from  &  position  upoD  the 
itboro  fluDli  near  the  village  of  Nicolod.  The  two  breached  paraaitic  eoaes 
>n  bnhiod  this  village  ari:  the  Monti  Road  which  were  thrown  up  in  1069  and 
m  which  Sowed  the  lava  which  overran  Catania  (after  a  photograph  by 


■M  (Fig.  124).     The  lava  of  Vesuvius  more  frequently  yields 
At  at  the  place  of  outflow,  whereas  the  flanks  of  Etna  are 
1  Italian  fat  mouth ;  plural  boechi. 


r 


^ 
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pimpled  with  great  numbers  of  parasitic  cinder  cones,  oacli  the 
monumeQt  to  some  earlier  eruption  (Fig.  125). 

It  ia  generally  the  case  that  a  angle 
eruption  makes  but  a  relatively  small 
contribution  to  the  bulk  of  the  mountain. 
From  each  new  cone  or  bocai  there  pri>- 
ceeds  a  stream  of  lava  spread  in  a  rela- 
tively narrow  stream  extending  down  the 
slopes  (Fig.  126). 

The    caldera    of    composite    cones.— 
Because    of   the   varied   episodes  in  the 
Fia.  126.— Sketch  mop  o[    history  of  composite  cones,  they  lack  the 
Etna.  BhQwing  iho  iodi-    regular    lines   characteristic    of    the  two 
vniua]  surface  In  vtt  streams      .        ,       ,  _,,      ,  i_  i  .l 

(in  blBck)  nnd  iho  tuff  Simpler  types.  The  larger  number  of  the 
covered  surface  (a tippled),  more  important  composite  cones  have 
been  built  up  within  an  outer  crater  o( 
relatively  large  diameter,  the  Somma  cone  or  caldera,  which 
surrounds  them  like  a  gigantic  ruff  or  collar.  This  c^dera  is 
clearly  in  most  cases  at  least  the  relic  of  an  earlier  explosive 
crater,  after  which  successive  eruptions  of  lesser  violence  ha™ 
built  a  more  sharply  conical  structure.  This  can  only  be  inter- 
preted to  mean  that  most  larger  and  long-active  volcanoes  have 


Fio.  127.  — Paoura 


been  bom  in  the  grandest  throes  of  their  life  history,  and  t 
larger  or  smaller  lateral  migration  of  the  vent  has  been  responsible 
for  the  partial  destruction  of  the  explosion  crater.     Upon  Veau- 
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lus  we  find  the  crescent-like  rim  of  Monte  Somma;  on  Etna  it 
I  the  Val  del  Bove,  etc.  It  is  this  caldera  of  composite  cones 
iiich  gave  rise  to  the  theory  of  the  "  elevation  crater  "  of  von 
luch  (see  ante,  p.  95,  and  Fig.  127). 

The  emption  of  Vesuvius  in  1906.  —  The  volcano  Vesuvius 
ises  on  the  shores  of  the  beautiful  bay  of  Naples  only  about  ten 
liles  distant  from  the  city  of  Naples.  The  mountain  consists  of 
he  remnant  of  an  earlier  broad-mouthed  explosion  crater,  the 
lionte  Somma,  and  an  inner,  more  conical  elevation,  the  Monte 
[''esuvio.  Before  the  eruption  of  1906  this  central  cone  was  sharply 
ionical  and  rose  to  *  _       . 

(  height  of  about 
1300  feet  above 
he  eurface  of  the 
my,  or  above  the 
lighest  point  of  the 

incient  caldera.  - 

rhe    base   of  this 

Dner  cone  is  at  an  ^^^  rn^-  m"^"^"^ 
devation  of  some-  .,-.~^_~^t^^^-^  ^'■~i>^ 
liing  less  than  half 

iihat   of  the  entire    F'"'  128.  — View  of  Mount  VeBuviuB  as  it  appeared  from 

mas.,  and  ia  aepa-      ?"  !!"  °' '!;''','"  "'"S"  M"  ""  *"""'°°  °' ' 
"*™~.  "  f"         -pijg  jjo^Q  ^  tijg  igft  IB  Monte  SomniB. 

rat^Hl  from  the  en- 
eircluig  ring  wall  of  the  old  crater  by  the  oirio,  to  which  corre- 
sponds in  height  a  perceptible  shelf  or  Tnano  upon  the  slope  toward 
khe  bay  of  Naples  (Fig.  128). 

An  active  composite  cone  like  that  of  Vesuvius  is  for  the  greater 
part  of  the  time  in  the  Strombolian  condition;  that  is  to  say,  light 
crater  explosions  continue  with  varying  intensity  and  interval, 
except  when  the  mountain  has  Ixten  excited  to  the  periodic  Vul- 
panian  outbreaks  with  which  its  history  has  been  punctuated. 
rhe  Strombolian  explosions  have  sufficient  violence  to  eject  small 
b'agments  of  hot  lava,  which,  falling  about  the  crater,  slowly  built 
Dp  a  rather  sharp  cone.  The  period  of  Strombolian  activity  has 
therefore,  been  called  the  cone-produdng  period.  Juat  before  each 
pew  outbreak  of  the  Vulcanian  type,  the  altitude  of  the  mountain 
bas,  therefore,  reached  a  maximum,  and  since  the  larger  explosive 
Eruptions  remove  portions  of  this  cone  at  the  same  time  that 
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they  increase  the  dimensions  of  the  crater,  the  Vulcanian  stage  in 
contrast  to  the  other  has  been  called  the  craier-producing  period. 
In  this  period,  then,  the  material  ejected  during  the  explosions  does 
not  consist  solely  of  fresh  lava  cakes,  but  in  part  of  the  older  debris 
derived  from  the  crater  walls,  whence  it  is  avalanched  upon  the 

chimney  after  each  larger  explosion.  The  over- 
hanging cloud,  which  during  the  Strombolian 
period  has  consisted  largely  of  steam  and  is 
noticeably  white,  now  assumes  a  darker  tone, 
the  '^  smoke  "  which  characterices  the  Vulcanian 
eruption. 

On  several  historical  occasions  the  cone  of 
Vesuvius  has  been  lowered  by  several  hundred 
feet,  the  greatest  of  relatively  recent  truncations 
having  occurred  in  1822  and  in  1906.  Between 
Vulcanian  eruptions  the  Strombolian  activity  is 
by  no  means  uniform,  and  so  the  upward  growth 
of  the  cone  is  subject  to  lesser  interruptions  and 
truncations  (Fig.  129). 

The  Vesuvian  eruption  of  1906  has  been 
selected  as  a  type  of  the  larger  Vulcanian  erup- 
tion of  composite  cones,  because  it  combined  the 
explosive  and  paroxysmal  elements,  and  because 
it  has  been  observed  and  studied  with  greater 
thoroughness  than  any  other.  The  latest  pre- 
vious eruption  of  the  Vulcanian  order  had 
occurred  in  1872.  Some  two  years  later  the 
period  of  active  cone  building  began  and  pro- 
ceeded with  such  rapidity  that  by  1880  the  new 


Fig.  129.  —  A  HPrics 
of  consecutive 
sketches  of  the 
summit  of  the 
Vesuvian       cone, 

showing  the  modi-    cone  began  to  appear  above  the  rim  of  the  crater 
ficatioiisinitsout-    ^f  ^872.     From  this  time  on  occasional  light 

hne  (after  Sir  Wil-  .  .  1     .,  1. 

liam  Hamilton).       cruptions   interrupted   the   upbuilding  process, 

and  as  the  repairs  were  not  in  all  cases  com- 
pleted before  a  new  interruption,  a  nest  of  cones,  each  smaller 
than  the  last,  arose  in  series  like  the  outdrawn  sections  of  an  old- 
time  spyglass.  At  one  time  no  less  than  five  concentric  craters 
were  to  be  seen. 

For  a  brief  period  in  the  fall  of  1904  Vesuvius  had  been  in  almost 
absolute  repose,  but  soon  thereafter  the  StromboUan  crater  ex- 
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plosions  were  resumed.  On  May  25,  1905,  a  email  stream  of  lava] 
began  to  issue  from  a  fissure  high  up  upon  the  central  cone,  a 
from  this  time  on  the  lava  continued  to  flow  down  to  the  valley  oej 
alrio,  separating  the  inner  cone  from  the  caldera  remnant  of  Montal 
Somma.     Seen  in  the  night,  this  stream  of  lava  appeared  fromi 


^ 


Pio.  130,  —  Night  riGw  of  Vesuvius  from  Naples  licl 
the  outbreak  uf  1906.  A  small  lava  Btrcum  is  a 
deacendiog  from  a  high  point  upon  Che  central  e 
(ftfter  Mercolli). 


Nf^IeB  tike  a  red  hot  wire  laid  against  the  mountain's  side  (Fig.  1 
130).  With  gradual  augmentation  of  StromboUan  esqilosions^ 
and  increase  in  volume  of  the  flowing  lava  stream,  the  same  condi- 
tion continued  until  the  first  days  of  April  in  1906.  The  flowing 
lava  had  then  overrun  the  tracks  of  the  mountain  railway  and 
accumulated  in  considerable  quantity  within  the  atrio  (Fig.  131). 
On  the  morning  of  April  4,  a  preliminary  stage  of  the  eruption 
was  inaugurated  by  the  opening  of  a  new  radial  fissure  about  500 
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feet  below  the  summit  of  the  cone  (Fig.  132  a),  and  by  eariy  afta^ 
noon  the  cone-destroying  stage  began  with  the  rise  of  a  dark  "  cauli- 
flower cloud  "  or  pino  to  replace  the  lighter  colored  steam  cloud, 
The  cone  was  beginning  to  fall  into  the  crater,  and  old  lava  d^Uris 
was  mingled  in  the  ejections  with  the  lava  clots  blown  from  the 
atili  fluid  material  within  the  chimney.  From  now  on  short  auj 
snappy  lightning  flashes  played  about  the  black  cloud,  giving  out 
a  sharp  staccato  "  tack-a-tack,"  The  volume  and  density  of  the 
cloud  and  the  intensity  of  the  crater  explosions  continued  to  in- 
crease until  the  culmination  on  April  7.    On  April  5  at  midnight  a 


Pio    131  —  t)Po] 


new  lava  mouth  appeared  upon  the  same  fissure  which  had  opened 
near  the  summit,  but  now  some  300  feet  lower  (Fig.  132  b).  The 
lava  now  welled  out  in  larger  volume  corresponding  to  its  great«i 
head,  and  the  stream  which  for  ten  months  had  been  Sowing  frwii 
the  highest  outlet  upon  the  cone  now  ceased  to  flow.  The  next 
morning,  April  6,  at  about  8  o'clock,  lava  broke  out  at  sever^ 
points  some  distance  east  of  the  opening  b,  and  evidently  upon 
another  flssure  transverse  to  the  first  (Fig,  132  c).  The  lava  sur- 
face within  the  chimney  must  still  have  remained  near  its  old 
level,  — effective  draining  had  not  yet  begun, —  since  early  upon 
the  following  morning  a  small  outflow  began  nearly  at  the  top  of 
the  cone  upon  the  opposite  side  and  at  least  a  thousand  feet  higher. 
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The  culmination  of  the  eruption  came  in  the  evening  of  April  7, 
■when,  to  the  accompaniment  of  light  earthquakes  felt  as  far  as 
Kaples,  lava  issued  tor  the  first  time  in  great  volume  from  a  mouth 
more  than  halfway 
down  the  mountam  side 
(Fig.  132  f),  and  thus 
began  the  drainage  of 
^^he  chimney.  At  about 
the  same  time  with  loud 
detonations  a  huge 
"black  cloud  rose  above 
the  crater  in  connection 
irith  heavy  explosions, 
and  a  rain  of  cinder  was 
general  in  the  region 
about  the  mountain  but 
especially  nithin  the 
northeast  quadrant. 
Those  who  were  so  for- 
tunate S8  to  be  in  Pom- 
peii bad  a  clear  view  of 
the  mountain's  summit 
where  red  hot  masses  of 
lava  were  thrown  far 
into  the  MT.  The  direc- 
tion of  these  projections 
was  reported  to  have 
T)een  not  directly  up- 
ard,  but  inclined 
toward  the  northeast 
l)uadrant  of  the  moun- 
•toin;  but  since  with  a  Fm.  1:12.  — Mapof 
northeast  surface  wind  and  order  of  fom 
:the  heaviest  deposit  of 
ash  and  dust  should 
liave  been  upon  the  southwestern  quadrant  of  the  mountain,  it 
is  evident  that  the  material  was  carried  upward  until  it  reached 
the  contrary  upper  currents  of  the  atmosphere,  to  be  by  them  dis- 
tributed. 


uviuH.  iiliowliig  I  111!  iinaiticin 
II  of  the  lava  mnuthB  upon 

it<   flacika   during   tha  eniptiOD   at   1906   (nfter 

Joluuton-Ls  vig)  ■ 
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When  the  heavy  curtan  of  ash  which  now  for  a  number  of 
Bucceeding  da>s  overhung  all  the  circum  Vesuvian  country,  began 


to  lift  (Fig.  133),  it  was  seen  that  the  summit  of  the  con?  bad  been 
truncated  an  average  of  some  500  feet  (Fig.  134).  A!!  tlie  slopes 
and  raueh  of  the  surrounding  country  bad  Ihe  aspect  of  being 
buried  l>eneath  a  coeoa- 
colored  snow  of  a  depth 
to  the  northeast  ward  of 
several  feet,  where  it  had 
drifted  into  all  the  hollow 
ways  so  as  almos^t  lo 
efface  them  (Fig.  135). 
More  than  thrice  as 
heaw  as  water,  the  weak 
roof  timbers  of  the  houses 
at  the  base  of  the  moun- 
fam  ga\e  way  beneath 
the  ad  ieil  loail  upon 
them  thus  making  many 
victims.  Inasmuch,  how- 
ever, as  the  ash-falt  par- 
i  in  eruptions  from  cinder 
conee,  we  may  here  give  our  attention  especially  to  the  streams  of 


Flo  !34  —The  rentral  rone  of  Vesu  ' 
Appeorixl  alter  tbe  eruption  t 
the  curlier  profile  indiintpd 
rcprewDta  a  lowenag  of  the  sumi  t  by  s  up 
fivehundrod  feet  withcorTeBpoDdiDK  uercaae  in 
the  diameter  o(  the   crater   (after  Johnston 

takes  of  the  same  general  characters  s 
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which  issued  upon  the 
eate  flank  of  the  moun 
(Fig.  136) 

le  mam  lava  stream 
•nded  the  first  steep 
s  with  the  veloc  ty  of  a 
in  twenty  five  minut«s, 
t  the  strolling  speed  of 
destrian,  hut  this  rate 
gradually  reduced  as 
stream  advanced  far- 
from  the  mouth.  Tak- 
dvantage  of  each  depression  of  the  surface,  the  black  stream 
need  slowly  but  relentlessly  toward  the  cities  at  the  south- 
base  of  the  mountain.  With  a  motion  not  unlike  that  of  a 
of   coal   failing  over  itself   down  a  slope,  the   block  lava 


a  136  ^  w  of  Vp  uviub  takva  am  the 
Bouthnea  iluring  the  an  ng  b  ages  of  the 
eruption  of  19416.  In  the  middlo  diataDce 
may  be  discGrned  the  several  lavu  mouths 
aligned  upon  H  Gsaure,  aud  the  courses  of 
the  streama  whiuh  descend  from  tbem.  In 
the  foregrouiid  is  the  main  lava  Mream  with 
aurfaco  (after  W.  Prim). 


:8  surface  as  a  passeuger  (si let  Haug)* 


I. 


i 
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ini^V 


advances  without  bui 
the  objects  in  its  path 
{Fig.  137).  ■  The  beautiful 
pines  are  merely  charrpd 
where  snapped  off  and 
are  eairied  forward  u|)on 
the  surface  of  the  stream 
(Fig.  138).  When  &  real 
obstruction,     such     as    i 

.  bridge   or   a   villa,  is  en- 
Fio.  139.  — Lava  front  botb  puahing  over  and  .        j     .i         ^ 

runmoB  Braund  «  wall  which  li™  athwart  it^    countered,    the    StreaiO    19 

cuurso  (after  Johuston-Lavu).  at    first    halted,    but    the 

rear   crowding    upon   the 

van,  unless  a  passage  is  found  at  the  side,  the  lava  front  rises 

higher  and  higher  until  by  its  weight  the  obstruction  is  forced  to 

give  way  (Figs,  139  and  140). 

The  sequence  of  events  within  the  chimney.  —  The  tborou^ 
study  of  this  Vesuvian  eruption  ha-s  placed  us  in  a  position  to  infer 
with  some  confidence  in  our  conclusions  the  sequence  of  event* 
within  the  chimney  and 
crater  of  the  volcano,  both 
before  and  during  the  erup- 
tion. Anticipating  some 
conclusions  derived  from  the 
observed  dissection  of  vol- 
canoes, which  will  be  dis- 
cussed below,  it  may  be 
stated  that  what  might  be 
termed  ttie  core  of  the  com- 
posite cone  —  the  chimney 
—  is  a  more  or  less  cylin- 
drical plug  of  cooled  lava 
which  during  the  active 
period  of  the  vent  has  an 
interior  bore  of  probably  variable  caliber.  This  plug  in  its 
lower  section  appears  in  solid  black  in  all  the  diagrams  of  Fig. 
141.  During  the  eone-building  period  (Fig.  141  a  and  b)  the  plug 
is  obviously  built  upward  along  with  the  cone,  for  lava  often  flows 
out  at  a  level  a  few  hundred  feet  only  below  the  crater  rim.     By 


FiQ,  140.  — Oqq  of  the  villas  in  Boscotjocue 
which  wan  ruined  by  the  Vmuvibd  lavB  flow 
of  1906,  The  fragtnenia  of  masonry  from 
the  ruined  walls  traveled  upon  thr  1bv» 
eurrcnt.  where  they  soinetiiuea  became 
inrased  io  lava. 
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what  process  this  chimney 
building  goes  on  is  not  well 
ttnderstood,  though  some  hght 
is  thrown  upon  it  by  the  post- 
Cruption  stage  of  Mont  Pel£  in 
1902-1903  (see  below). 

Both  the  older  and  newer 
sections  of  this  plug  or  chimney 
are  furnished  some  support 
against  the  outward  pressure 
of  the  contained  lava  by  the 
surrounding  wall  of  tuif;  and 
they  are,  therefore,  in  a  condi- 
tion not  unlike  that  of  the 
inner  barrel  of  a  great  gun  over 
which  sleeves  of  metal  have 
been  shrunk  so  as  to  give  sup- 
port against  bursting  pressures. 
On  the  other  hand,  when  not 
sustaining  the  hydrostatic  pres- 
sure of  the  hqutd  lava  within, 
the  chimney  would  tend  to  be 
crushed  in  by  the  pressure 
of  the  surrounding  tuff.  Its 
strength  to  withstand  bursting 
pressures  is  dependent  not 
alone  upon  the  thickness  of  its 
Fock  walls,  but  also  upon  its 
internal  diameter  or  caliber. 
A  steam  cylinder  of  given 
thickness  of  wall,  as  is  well 
known,  can  resist  bursting 
pressures  in  proportion  as  its 
inlemul  diameter  is  small.  So 
in  the  volcanic  chimney,  any 
tendency  to  rcmelt  from  within 
the  nhimney  wails  must  weaken 
them  in  a  twofold  ratio. 

We  are  yet  without  accurate 


building  and  r 


illiutrsto 
.a  within  the  croter 
durioK  the  coae- 
atcr-producing  pe^ods. 
a  and  b.  two  sucoesaivc  atagCB  or  tbc 
cano  buildiDg  or  Strombolian  period ; 
C.  enlarg/emEot  q(  tbc  crater,  tnjnf^atioa 
of  the  cone,  and  dpstniction  of  the  upper 
chimney  during  tbo  ri:l  a  lively  brief 
Grater-producing  or  Vulouiiaii  period. 
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temperature  observations  upon  the  lava  in  volcanic  chimne; 
but  tt  Reems  almost  ccrtam  that  these  temperatures  rise  as  t^ 
Vulcanian  stage  ib  approachmg  and  such  elevation  of  temperature 
must  be  followed  by  a  greater  or  less  re-fusion  of  the  chimney 
walls     The  sequence  of  events  durmg  the  late  Vesuvian  eniptiw 


is,  then,  naturally  explained  by  progressive  re-fusion  and  coW 
quent  weakening  of  the  chimney  walls,  thus  permitting  a  ra( 
fissure  to  open  near  the  top  and  gradually  extend  downwai 
Thus  at  first  small  and  high  outlets  were  opened  insufficient  to 
drain  the  chimney,  but  later,  on  April  7,  after  this  fissure  had 
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been  much  extended  and  a  new  and  larger  one  had  opened  at  a 
lower  level,  the  draining  began  and  the  surface  of  lava  commenced 
lapidly  to  sink. 

When  the  rapid  sinking  of  the  lava  surface  occurred,  the  lower 
lava  layers  were  almost  immediately  relieved  of  pressure,  thus 
causing  a  sudden  expansion  of  the  contained  steam  and  resulting 
in  grand  crater  explosions.  The  partially  re-fused  and  fissured 
upper  chimney,  now  unable  to  withstand  the  inward  pressure  of 


Fio.  143.  —  Outlines  of  the  Pel6  spine  upon  successive  dates.  The  full  line  repre- 
sents its  outline  on  December  26, 1902 ;  the  dotted-dashed  line  is  a  profile  of 
January  3,  1902 ;  while  the  dotted  line  is  that  of  January  9,  1903.  The  dark 
line  is  a  fis8ure(  after  E.  O.  Hovey). 

the  surrounding  tuflf  walls,  since  outward  pressures  no  longer 
existed,  crushed  in  and  contributed  its  materials  and  those  of 
the  surrounding  tuff  to  the  fragments  of  fresh  lava  rising  in 
volume  in  the  grand  explosions  (Fig.  141  c).  In  outline,  then, 
these  seem  to  be  the  conditions  which  are  indicated  by  the 
sequence  of  observed  events  in  connection  with  the  late  Vesuvian 
outbreak. 

The  spine  of  PeI6.  —  The  disastrous  eruption  of  Mont  Pel6 
upon  Martinique  in  the  year  1902  is  of  importance  in  connection 
with  the  interesting  problem  of  the  upward  growth  of  volcanic 
chimneys  during  the  cone-building  period  of  a  volcano.  After 
the  conclusion  of  this  great  Vulcanian  eruption,  a  spine  of  lava 


I 


138 


EARTH  FBATUREB  AND  THEIR  MEANING 


grew  upward  from  the  chimney  of  the  mua  crater  ualil  it  hid 
reached  an  elevation  of  more  then  a  thouaand  feet  above  its  ba«v 
a  figure  of  the  same  order  of  magnitude  as  the  probable  height  of 
the  upper  section  of  the  Vesuvian  chimney  previoua  to  the  enipr 
tion  of  1906.  The  Pel€  spine  (Fig.  142)  did  not  grow  at  a  unifbrn 
rate,  but  was  subject  to  smaller  or  larger  truncations,  but  lot  a 
period  of  18  days  the  upward  growth  was  at  the  rate  of  about  it 
feet  per  day.  Later,  the  mass  split  upon  a  vertical  plane  reveafing 
a  concave  inner  surface,  and  was  somewhat  rapidly  reduced  in 
altitude  to  600  feet  (Fig.  143),  only  to  rise  again  to  its  full  height 
of  about  1000  feet  some  three  months  later. 

While  apparently  unique  as  an  observed  phenomenon,  and  not 
free  from  uncertainty  as  to  its  interpretation,  the  growth  of  this 
obelisk  has  at  least  shoivn  us  that  a  mass  of  rock  can  push  its  way 
up  above  the  chimney  of  an  active  volcano  even  when  there  are  no 
walls  of  tuff  alwut  it  to  sustain  its  outward  pressures. 

The  aftermath  of  mud  flows.  —  When  the  late  Vulcanian  es- 
plosions  of  Vesuvius  had  come  to  an  end,  all  slopes  of  the  moun- 
tain but  especially 
the  higher  ones,  : 
were  buried  in 
thick  deposits  of 
the  cocoa-col  orrd 
ash  included  m 
nhich  were  larger 
and  smaller  pro- 
jectiles As  this 
material  is  ex- 
tremely porous,  it 
greedily  sucks  up 
the  water  which  falls  during  the  first  succeeding  rains.  When 
nearly  saturated,  it  begins  to  descend  the  slopes  of  the  mountain 
and  soon  develops  a  velocity  quite  in  contrast  with  that  of  the 
slow-moving  lava.  The  upper  slopes  are  thus  denuded,  while 
the  fields  and  even  the  houses  about  the  base  are  invaded  by  these 
torrents  of  mud  {lava  d'  acgua).  Inasmuch  as  these  mud  flows  are 
the  inevitable  aftermath  of  all  grander  explosive  eruptions,  the 
Italian  government  has  of  late  spent  large  sums  of  money  ui  the 
construction  of  dikes  intended  to  arrest  their  progress  in  the  future. 


Fio.   H4,^rorruKat<'d  surraee  ot  the   Vpsuvian   i 
after  Ihp  mud  fliiwi*  which  fuUoHod  the  eniptiun  !□  1908 
(after  Johnaton-Lovis). 
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It  was  streams  of  this  sort  that  buriwl  the  city  of  Herculaneum 
after  the  explosive  eruption  of  79 

After  the  mud  flows  have  occurred,  the  Vesuvian  cone,  like  oil 
«iiiUar  volcaiiic  cones  under  the  eame  conditions,  is  found  with 
deep  radial  corrugations  (Fig.  144),  such  as  were  long  ago  de- 
ecribed  as  "  barrancoea  "  and  supposed  to  support  the  "  elevation 
crater"  theory  of  volcano  formation. 

The  dissection  of  volcanoes.  —  To  the  uninitiated  it  might  ap- 
pear  a  hopeless  undertaking  to  attempt  to  learn  by  observation 
Ae  internal  structure  of  a  volcano,  and  especially  of  a  complex 
volcano  of  the  composite  type.  The  earliest  successful  attempt 
appears  to  have  been  made  by  Count  Caspar  von  Sternbei^  in 
order  to  prove  the  cor- 


-ThH  KammE 
?  tuunel   cumpleted 
volcaoio  Dsture  of  Ihc  n 


-bQhl  near  Eger.  abciwinc  1 
Q  1837  nhich  proved  ths  | 
ouDtuQ  (after  Judd). 


rectness  of  the  theory 
of  his  friend,  the  poet 
Goethe.  Goethe  had 
claimed  that  a  little 
hill  in  the  vicinity  of 
Eger,  on  the  borders 
of  Bohemia,  was  an  ex- 
tinct volcano,  though 
the  foremost  geologist 
of  the  time,  the  fa-  Fia-  us. 
mous  Werner,  had  pro- 
mulgated the  doctrine 
that  this  hill,  in  common  with  others  of  similar  aspect,  originated 
in  the  combustion  of  a  bed  of  coal.  The  elevation  in  question, 
which  is  kno^vn  -as  the  Kamraerbuhl,  consists  mainly  of  cinder, 
and  Goethe  had  maintained  that  if  a  tunnel  were  to  be  driven 
horizontally  into  the  mountain  from  one  of  its  slopes,  a  core  or 
plug  of  lava  would  be  encountered  beneath  the  summit.  The 
excavations,  which  were  completed  in  1837,  fully  verified  the 
poet's  view,  for  a  lava  plug  was  found  to  occupy  the  center  ot 
the  mass  and  to  connect  with  a  small  lava  stream  upon  the  side 
of  the  hill  (Fig.  145). 

It  is  not,  however,  to  such  expensive  projects  that  reference 
is  here  made,  but  rather  to  processes  which  are  continually  going 
on  in  nature,  and  on  a  far  grander  scale.  The  most  important 
diaaeoting  agent  for  our  purpose  is  running  water,  which  is  con- 
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•  tinually  paring  do\vn  the  earth's  surface  and  disclosing  its  a 
fltmctures.     How   much   more   convincing   Ihan   any 


a 


artificial  excavation,  as  evidence  of  the  interaal  structure  o 

volcano,  is  the  monument  represented  in  Fig.  146,  since  here 

lava    plug    stands    in    relief   lilu 

gigantic  thumb  still  surrounded 

a  remnant  of  cinder  deposits.    Si 

exposed  chimneys  of  former  volcac 

are  found  in  many  re^ons,  in>l^ 

become    known    as    volcatuc  fl 

pipes,  or  plugs.  V 

Not  infrequently  the  beds  oT 

composing  the  flanks  of  the  volei 

upon  dissection  hy  the  same  proc 

bring  to  light  walls  of   coolw^ 

standing  in   rehef   (Fig.    147)« 

filling  of  the  fissure  which  gaveV 

liu.  147.— AdikePuttiiiBbedaof    to  the  flanks  of  the  mountain  m 

tuff  in  RpiirUydb«-^ted  volcano     ti^g  (jf  the  eruption.      Studv  of 

of  soilthwestern  Colorado  (aJler  i      >.i  »  i     . 

HowB,  u.  a.  G.  s.).  poserl    dikes    formed    m 

with   recent   eruptions   of    V< 
has  shown  that  in  many  instances  they  are  still  hollow, 
having  drained  from  them  before  complete  consolidation. 
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!nt  which  is  effective  in  uncovering  the  buried  struO" 
3lcanoes  is  the  action  of  waves  on  irthores.     Alwa>'s  a^fl 
vigoroua  erosive  agency,  the  softer  structures  of  vol-f" 
3  are  removed  with  especial  facility  by  this  agent.     OaM 
of  the  island  of  Volcano,  the  little 
'ulcaneJIo   has   been   nearly   half 
'ay  by  the  waves,  so  aa  to  reveal 
ial  perfection  the  structure  of  the 
Is   as  well   as   the   internal   rock 
'  the  mass.     Here  the  character-    ^^'-j^-^^^Si^^^j-t 
of  lava  streams,   intercalated  as 
ire  between  tuff  deposits  and  the 
.  consolidated  in  fissures,  are  both 


Ulantic  a  quite  perfect  crater,  the 

Rocks,  has   been  cut  nearly  in 
J   to   produce  a  natural    harbor    Fiq.  148.  — Mup, 

eral  viow  ot  St.  Paul' 

.  (I,      I    *l.  Roi^l".  B  volcanic  cou, 

)ther  instances  we  may  thank  the  dissected  by  wavea. 
lelf  for  opening  up  the  interior  of 
ain  for  our  inspection.  The  eruption  in  1888  of  th( 
olcano  of  Bandai-san,  by  removing  a  considerable  part 
ent  cone,  has  afforded  us  a  section  completely  through 
lin.  The  summit  aud  one  side  of  the  small  Bandai  was 
npletely  away,  and  there  was  substituted  a  yawning 
totric  to  the  former  mountain  and  having  its  highest 
wall   no   less  than   1500 


feet  in  height  (Fig.  149). 
In  two   hours  from  the 
first  warning  of  the  ex- 
plosion  the  catastrophe  j 
was  complete    and    thefl 
eruption  over. 

The  eruption  of  Kra-l 

katoa  in  1883,  probably  I 

jst  observed  volcanic  explosion  in  historic  times,  lefts 

cone  divided  almost  in  half  and  open  to  inspectiomfl 

Rakata,   Danan,   and   Perbuatan   had   before   coo- 1 

line  of  cones  built  up  round   individual  craters  sub-l 
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FlQ.  160.  —  The  half-aubmerBad  volcano  of  KraluttoB 
in  the  Sunda  Straits  before  sad  after  the  eruptioii  of 
1883  (after  Verbeek). 


sequent  to  the  partial  destruction  of  an  earlier  caldera,  portion 
of  which  were  still  existent  in  the  isiands  Verlaten  and  Lang. 
By  the  eruption  of  1883  all  the  exposed  parts  and  considenUe 
submerged  portions  of  the  two  smaller  co&es  were  entirdy  de 
stroyed,  and  the  larger  one,  known  as  Rakata,  was  divided  just 
outside  the  plug  so  as  to  leave  a  precipitous  wall  rising  direcUy 
from  the  sea  and 
showing  lava  streams 
in  alternation  with 
somewhat  thicker 
tuff  layers,  the  wh(4e 
knit  together  by  nu- 
oerous  lava  dikes. 

In  order  to  carry 
our  dissecting  pttt- 
cess  down  to  levels 
below  the  base  of  the  volcanic  mountain,  it  is  usually  necessary  to 
inspect  the  results  of  erosion  by  running  water.  Here  the  plug  ot 
chimney,  instead  of  being  surrounded  by  tuff,  is  inclosed  by  the 
country  rock  of  the  region,  which  is  commonly  a  sedimentary 
formation.  Such  exposed  lower  sections  of  volcanic  chimneys  are 
numerous  along  the  northwestern  shores  of  the  British  Isles. 
Where  aligned  upon 
a  dislocation  or  note- 
worthy fissure  in  the 
rocks,  the  group  of 
plugs  has  been  re- 
ferred to  as  a  scar  or 
acatrice  (Fig.  lol). 
Associated  with  the 
plugs  of  the  cicatrice 
are  not  infrequently 
dikes,  or,  it  may  be,  sheets  of  lava  extended  between  layers  ot 
sediment  and  known  as  sills. 

If  we  are  able  to  continue  the  dissection  process  to  still  greater 
depths,  we  encounter  at  last  igneous  rock  having  a  texture  known 
as  granitic  and  indicating  that  the  process  of  consolidation  was 
not  only  exceedingly  slow  but  also  uninterrupted.  This  rock 
is  found  in  masses  of  larger  dimensions,  and  though  generally  of 


Fio.  151 


of  the  Banal  (after  Suen). 
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more  or  less  irregular  form,  no  one  dimension  is  of  a  different  order 
of  magnitude  from  the  others.  Such  masses  are  commonly  de- 
scribed as  bosses,  or,  if  especially  large,  as  batholites  (Fig.  152). 
Wherever  the  rock  beds  appear  as  though  they  had  been  forced 
up  by  the  upward  pressure  of  the  igneous  mass,  tlie  latter  takes 
the  form  of  a  mushroom  and  has  been  described  as  a  lacccdiie 
(Figs.  479-481,  pp,  441-142).  Evidence  aeems,  however,  to  accumu- 
late that  in  the  greater  number  of  cases  the  molten  rock  has  fused 
He  way  upward,  in  purt  ass  milatmg  and  in  part  inclosmg  the  rock 
which  it  encountered.  This  pro- 
45638  of  upward  fusion  has  been  j^T 

tikened  to  the  progress  of  a  red     -^-^       \_     ~ 
hot  iron  burning  its  waj  through 
K  board. 

The  formation  of  lava  reser 
Toirs.  —  The  discarding  of  the 
earlier  notion  that  the  earth  has 
a  liquid  interior  makes  it  proper 
the  subject  of  vol 
to  at  least  touch  upon 
the  origin  of  the  molten  rock 
material.  Aa  already  pointed 
out,  such  reservoirs  as  exist 
must  be  local  and  temporary 
or  it  would  be  difficult  to  see 
how  the  exi.rting  condition  of 
earth  rigidity  could  be  main- 
tained. From  the  rate  at  which  rock  temperatures  rise,  at 
inrrea.sing  depths  below  the  surface,  it  is  clear  that  all  rocks  would 
be  melted  at  very  moderate  depths  only,  if  they  were  not  kept  in  a 
solid  statue  by  the  prodigious  loads  which  they  sustain.  Any  relief 
from  this  load  should  at  once  result  in  fusion  of  the  rock. 

Now  the  restriction  of  active  volcanoes  to  those  zones  of  the 
earth's  surface  within  which  mountains  are  rising,  and  where 
in  consequence  earthquakes  are  felt,  has  furnished  us  at  least  a 
dew  to  the  origin  of  the  lava.  Regarded  as  a  structure  capable 
of  sustaining  a  load,  the  competency  of  an  arch  ia  something  quit© 
remarkable,  so  that  the  arching  up  of  strong  rock  formations  into 
anticlinea  within  the  upper  layers  of  the  zone  of  flow,  or  of  coni- 


'iva    l&S  —  Diagram  to  lUuHtr&te  a 
able  causp  of  (  rn  atinn  of  la  a 

d    lo   show    the   conncrtioB " 

between  Buch  reservoira   and  the 
caooea  al  the  surface. 
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Mned  fracture  and  fiow,  would  be  sufficient  to  remove  the  Ic 
from  relatively  weak  underlying  beds,  which  in  consequeow  woi 
be  fused  and  form  local  reservoirs  of  lava  (Figs.  152  and  153). 

It  has  been  further  quite  generally  observed  that  lioee  of  r. 
canoes,  in  so  far  as  they  betray  any  relation  in  position  to  noi 
boriag  mountain  ranges,  tend  to  appear  upon  the  rear  or  Bst 
limh  of  unsymmetrical  arches,  or  where  local  tension  would  tai 
the  opening  of  channels  toward  the  surface.  Moreover,  wherw 
recent  block  movements  of  surface  portions  of  the  earth's  si 
have  been  disclosed  io  the  neighborhood  of  volcanoes,  the  lat 
appear  to  be  connected  with  downthrown  blocks,  a;s  though  the  bl 
had,  so  to  speak,  been  squeezed  out  ftl 
beneath  the  depressed  block  or  blocks. 
We  must  not,  however,  forget  that  I 
igneous  rocks  are  greatly  restricted  inl 
range  of  their  chemical  composition.  '. 
igneous  rock  tj^pe  b  known  which  coi 
be  formed  by  the  fusion  of  any  of  l 
carbonate  rocks  such  as  limestone 
It  of  relief  of  load  upon   dolomite,  OF  of  the  more  siliceous  nX 


roelu  by  nrching  of   i 
peUDt     fannatiori     (sltei 
WiUie). 


such  as  sandstone  or  quartzit«. 
remains  only  the  argillaceous  claw 
sediments,  the  shales  and  slates,  and 
soon  as  we  examine  the  composition  of  these  rocks  we  are  struck 
the  remarkable  resemblance  to  that  of  the  class  of  igneous  roc 
For  purposes  of  comparison  there  is  given  below  the  compo^tt 
average  constitution  of  igneous  rocks  in  parallel  column,  with ' 
average  attained  by  combining  the  analyses  of  56  slates  and  al 
the  latter  recalculated  with  water  excluded 


SiOi  . 
AliO. 
PeaO. 
FpO  . 
MgO 
CaO  . 
NaaO 
K,0  . 
TiO=  . 


61.25 
15.81 

2.70 )« 


63.34 
16.56 

4.41 1 


i 


RISE  OF  MOLTEN  BOCK  TO  THE  EARTH'S  SURFACE    145 

This  close  resemblance  is  probably  of  deep  significance,  for  the 
■n  that  shales  and  slates  are  structurally  the  weakest  of  all 

:ks  and   for  the  further  reason  that  they  rather  generally  di- 

;tly  underlie  the  carbonate  rocks,  which  are  by  contrast  the 
mgest  (see  ante,  p,  37).     For  these  reasons  shales  and  slates  are 

le  only  rocks  which  are  likely  to  be  fused  by  relief  from  load 
High  the  formation  of  anticlinal  arches  mthin  the  earth's  zone 
flow.     If  this  view  is  well  founded,  lavas  and  other  igneous 

:ks  are  in  large  part  fused  argillaceous  sediments  formed  in  con- 
nection with  the  process  of  folding,  or  are  refused  rocks  of  igneous 
origin  and  similar  composition. 

Character  profiles.  —  The  character  profiles  of  features  con- 
nected in  their  origin  with  volcanoes  are  particularly  easy  to 
recognize,  and  in  a  few  cases  in  which  they  might  be  confused  with 
others  of  a  different  origin,  an  examination  of  the  materials  of 
the  features  shouJd  lead  to  a  definitive  judgment. 

The  lava  plains  which  result  from  ma-ssive  outflows  of  basalt 
might  perhaps  strictly  be  regarded  as  lack  of  feature,  so  great  may 
be  their  continuous  extent.  Wherever  definite  vents  exist,  a 
brood  flat  dome  is  the  usual  result  of  the  extravasation  of  a  basal- 
Uc  lava.  The  puys  of  France  and  many  of  the  Kuppen  of  Ger- 
tDany,  being  formed  from  less  fluid  lava,  have  afforded  profiles 
with  relatively  small  radius  of  curvature. 

In  its  youthful  stage,  the  cinder  cone  usually  presents  a  broad 
nunmit  sag  and  relatively  short  side  slopes,  whereas  the  cone  of 
later  stages  is  apt  to  present  long  sweeping  and  upwardly  concave 
curves  with  both  the  gradient  and  the  radius  of  curvature  increas- 
ing rapidly  toward  the  summit.  In  contrast,  too,  with  the  earlier 
stage,  the  crest  is  relatively  small.  A  marked  reduction  in  the 
ttigh  symmetry  of  such  profiles  is  noted  wherever  a  breaching  by 
iva  outflow  has  occurred  (Fig,  154). 

With  the  composite  cone,  complexity  and  corresponding  lack 
ibf  symmetry  is  introduced,  especially  in  the  partially  ruined 
«aldera,  and  by  the  more  or  less  accidental  distribution  of  parasitic 
cones,  as  well  as  by  migrations  of  the  central  cone.  Peculiarly 
■iinilar  acuminated  profiles  result  from  spatter-cone  formation, 
from  the  formation  of  a  superchimney  spine,  and  by  the  uncover- 
ing of  the  chimney  through  denudational  processes  —  the  volcanic 
beck. 
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Another  important  feature  resulting  from  denudation  is  the 
Mesa  or  table  mountain  with  its  protecting  basalt  cap  above  softer 
rocks.  Its  profile  most  resembles  that  of  table  mountains  due  to 
differential  erosion  of  alternately  strong  and  weak  horizontally 


Saoa/r-  /%/>? 


Fio.  154.  —  Character  profiles  connected  with  volcanoes. 

bedded  rocks,  such  as  compose  the  upper  portion  of  the  section  in 
the  Grand  Cafion  of  the  Colorado.  Here,  however,  in  place  of  a 
single  unusually  strong  top  layer  there  are  found  several  strong 
layers  in  alternation  with  weaker  ones  so  as  to  produce  additional 
steps  in  the  profile. 
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CHAPTER  XI 
THE    ATTACK   OF   THE    WEATHER 

Tie  two  contrasted  processes  of  weathering.  —  It  has  already 
been  pointed  out  that  change  and  not  stability  is  the  order  of 
iBture.  Within  the  earths  outer  shell  and  upon  it  rock  altera- 
Bm  goes  on  continually,  and  from  some  portions  of  its  surface  the 
flanged  material  is  as  conatimtly  migrating  to  neighboring  or 
!VHi  far  distant  regions.  Before  such  transportation  can  begin 
ftiehard  rock  must  first  be  broken  down  and  reduced  to  fragments 
ifhich  the  transporting  agencies  are  competent  to  move. 

To  accomplish  this  breaking  down,  or  degeneration,  of  the  rock 
BSSBeB,  either  a  wide  range  in  temperature  or  chemical  reaction  is 
Mential.  In  the  atmosphere  are  found  such  active  chemical 
■enits  as  oxygen  and  carbon  dioxide,  the  so-called  carbonic  acid 
pa;  and  these  agents  in  the  presence  of  water  react  chemically 
■ith  the  minerals  of  the  rocks  and  form  other  minerals  such  as  the 
hydrates  and  carbonates,  which  are  lighter  in  weight  and  more 
fciuWe.  This  chemical  attack  upon  the  outer  shell  of  the  litho- 
^Hwe  is  described  as  decomposition. 

On  the  other  hand  the  rock  may  succumb  to  changes  which  are 
puiely  mechanical  and  are  due  either  to  the  stresses  set  up  by  dif- 
ferences between  surface  and  interior  temperatures,  or  to  the  prying 
Wion  of  the  frost  in  the  crevices.  Such  purely  mechanical  de- 
pneration  of  the  rocks  is  in  contrast  with  decomposition  and  is 
owcribed  as  disintegration.  The  two  processes  of  decomposition 
Wd  disintegration  may,  however,  go  on  together ;  and  the  changes 
if  volume  that  are  caused  by  decomposition  may  result  directly 
n  nmaderable  disintegration,  as  we  are  to  see. 
Th«  rftle  of  the  percolating  water.  —  In  order  to  effect  chemical 
lunge  or  reaction,  it  is  essential  that  the  substances  which  are 
I  react  must  be  brought  into  such  intimate  contact  with  each 
ther  as  it  is  seldom  possible  to  attain  except  by  solution.  The 
pemical  re-actions  which  go  on  between  the  gaseous  atmosphere 
hd  the  solid  lithosphere  are  accomplished  through  solution  of  the 
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gases  in  water.  This  water,  derived  from  rain  or  snow,  percolates 
into  the  ground  or  descends  along  the  crevices  in  the  rocks,  carry- 
ing  with  it  a  certain  measure  of  dissolved  air.  This  air  diffos 
from  that  of  the  surrounding  atmospheric  envelope  by  containing 

relatively  large  amounts  of  oxygen  and 
of  the  other  active  element  carbon  diox- 
ide. It  follows  from  the  important  riUe 
thus  performed  by  the  percolating  water 
that  the  process  of  decomposition  will 
be  relatively  important  in  humid  re- 
gions where  the  atmospheric  precipita- 
tion is  sufficient  for  the  purpose. 

Within  hot  and  dry  regions  there  is 
a  larger  measure  of  rock  disintegration, 
and  distinct  chemical  changes  unlike 
those  of  humid  regions  take  place  in  the 
higher  temperatures  and  with  the  more 
concentrated  saline  solutions.  The  dis- 
cussion of  such  changes  will  be  deferred 
until  desert  conditions  are  treated  in 
another  chapter. 

Mechanical  results  of  decompoaitiott 
—  spheroidal  weathering.  —  From  an 
earlier  chapter  it  has  been  learned  that 
the  rocks  of  the  earth's  outermost  shell 
are  generally  intersected  by  a  system  of 
vertical  fissures  which  at  each  locality 
tend  to  divide  the  rock  into  parallel  and 
upright  rectangular  prisms.     It  is  these 
joints  which  offer  relatively  easy  paths 
for  the  descent  of  the  water  into  the 
rocks.    In  rocks  of  sedimentary  origin 
there  are  found,  in  addition  to  the  vertical  joints,  planes  of  bed- 
ding originally  horizontal,  and  in  the  intrusive  and  volcanic  rocks 
a  somewhat  similar  parting,  likewise  parallel  to  the  surface  of  the 
ground.     The  combined  eflfect  of  the  joints  and  the  additional 
parting  planes  is  thus  to  separate  the  rock  mass  into  more  or 
less  perfect  squared  blocks  (Fig.  155,  upper  figure)  which  stand 
in  vertical  columns. 


Fig.  155.  —  Successive  dia- 
grams to  show  the  effect  of 
decomposition  and  resulting 
disintegration  upon  joint 
blocks  so  as  to  produce 
spheroidal  bowlders  by 
weathering. 
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The  water  which  percolates  downward  upon  the  joints,  finds 
s  way  laterally  along  the  parting  planes,  and  so  subjecta  the  en- 
ire  surface  of  each  block  to  simultaneous  attack  by  its  reagents. 
rhough  all  parts  of  the  surface  of  each  block  are  alike  subject  to 
ittack,  it  is  the  angles  and  the  edges  which  are  most  vigorously 
Wed  upon.  In  the  narrow  crevices  the  solutions  move  but  slug- 
jiahly,  and  as  they  are  soon  impoverished  of  their  reagents  in  the 
Wiiwk  upon  the  rock,  fresh  solution  can  reach  the  middle  of  the 
sees  from  relatively  few  directions.     The  edges  are  at  the  same 

me  being  reached  from  many  more  directions,  and  the  corners 

om  a  still  larger  number. 

The  minerals  newly  formed  by  these  chemical  processes  of 
faydratioQ  and  carbonization  are  notably  lighter,  and  hence  more 
bulky  than  the  minerals  from  whose  constituents  they  have  been 
largely  formed.  Strains  are  thus  set  up  which  tend  to  separate 
the  bulkier  new  material  from  the  core  of  unaltered  rock  below. 
As  the  process  continups,  distinct  channels  for  the  moving  waters 
developed  favorable  to  action  at  the  edges  and  corners  of  the 
blocks.  Eventually,  the  squared  block  is  by  this  process  trans- 
tormtui  into  a  spheroidal  core  of  still  unaltered  rock  wrapped  in 
la^'era  of  decomposed  material,  like  the  outer  wrappings  of  an  onion. 
nieBf  in  turn  are  usually  imbedded  in  more  thoroughly  disinte- 

ited   material    from    which 

!  shell    structure    has    dia- 
ppeared  (Fig.  156). 

Exfoliation  or  scaling.  —  A 
et  of  much  importance  to 
ologists,  but  one  far  too 
%ea  overlooked,  is  that  rocks 
but  poor  conductors  for 
It  results  from  this 
in  the  bright  sun  of  a 
's  da}'  a  tbin  skin,  as 
were,  upon  the  rock  surface  may  be  heated  to  a  relatively  high 
mperature,  although  the  layer  immediately  below  it  is  prac- 
C&lly  unaffected.  The  consequent  expansion  of  the  surface  layer 
stresses  that  tend  to  scale  it  off  from  the  layer  below, 
hich,  uncovered  in  its  turn,  develops  new  strains  of  the  same 
irt.     This  process  of  exfoliation  acquires  exceptional  importance 
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in  desert  regions  where  the  rock  surfaces  are  daily  elevated  to 
excessively  high  temperatures  (see  Chapter  XV}. 

Dome  structure  In  granite  masses.  —  In  large  granite  masses, 
such  as  are  to  be  found  in  the  ranges  of  the  Sierra  Nevada  of  Cali- 
fornia, a  peculiar  dome  structure  is  aometimea  found  developed 
upon  a  large  scale,  and  has  had  an  important  inBuence  upon  tijp 
breaking  down  of  the  rock  and 
upon  the  shaping  of  the  mounts 
(Fig.  157).  Sucbastructure.made 
up  as  it  is  of  prodigious  laj'ers, 
can  have  little  in  common  with 
the  veneers  of  weathered  miner- 
als which  are  the  result  of  exfoli- 
ation, and  it  is  quite  likely  ttiat 
the  dome  structure  is  in  some 
Fiu.  157.  — DomeHtruoturt-iograiiitG  ^^y  Connected  with  the  relief  of 
mass,    Yoaeoiitc   valley.   Caliri>riiia      ,,  ■  i        <■  .>   - 

<»ti«r  ft  photograph  by  Sinclair).  these   Hmssive  focks  from  thor 

load— the  rock  which  once  rt^ted 
upon  them,  but  has  been  carried  away  by  erosion  since  the  uplift 
of  the  range. 

The  prying  work  of  frost.  —  In  all  countries  where  winter  tem- 
peratures range  below  the  freezing  point  of  water,  a  most  potent 
agent  of  rock  disintegration  is  the  frost  which  pries  at  every  crevice 
and  cranny  of  the  surface  rock.  Important  in  the  temperate  zones, 
in  the  polar  regions  it  becomes  almost  the  sole  effective  agent  of 
rock  weathering.  There,  as  elsewhere,  its  efficiency  as  a  diaint^ 
grating  agent  is  directly  dependent  upon  the  natiu'e  of  the  crerioes 
within  the  rock,  so  that  the  omnipresent  joints  are  able  to  qx^t- 
cise  a  degree  of  control  over  the  sculpturing  of  the  surface  featurw 
which  is  hardly  to  be  looked  for  elsewhere  (see  plate  10  A), 

Talus.  —  Wherever  the  earth's  surface  rises  in  steep  cliffs,  tbe 
rock  fragments  derived  from  frost  action,  or  by  other  processes  of 
disintegration,  as  they  become  detached  either  tall  or  slide  rapidly 
downward  until  arrested  upon  a  flatter  slope.  Upon  the  eariitf 
accumulations  of  this  kind,  the  later  ones  are  deposited,  until  their 
surface  slopes  up  to  the  cliff  face  as  steeply  as  the  material  will  lie 
—  the  angle  of  repose.  Such  debris  accumulations  at  the  base  of 
a  cliff  (Fig.  158)  arc  known  as  lalus,  and  the  slope  is  described  as 
a  talus  slope,  or  in  Scotland  as  a  "  scree," 
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Soil  flow  in  the  continued  presence  of  thaw  water.  —  So  soon 
IS  the  rocks  are  broken  down  by  the  weathering  processes  tbej  are 
{  moved,  usually  to  lower  levels.  In  part  this  transportation 
B»y  be  accomplished  by  gravity  slowly  acting  upon  the  disinte- 
grated rock  and  causing 
it  to  creep  down  the  slope. 
Yet  even  in  such  cases 
»«ter  is  usually  present 
h  quantity  sufficient  to  hll 
the  spaces  between  the 
{fatns,  and  so  act  as  a 
lubricant  to  facilitate  the 
migration. 

Upon  a  large  scale  rocks 
irhicb  were  either  origi- 
lally  incoherent  or  have 

»en  made  so  by  weather- 

g,  after  they  have  be- 

Itue     saturated    with  ^"''  '®^-  —  Talus  slope  beneath  a  cliff. 

water,  may  start  into  sudden  motion  as  great  landslides  or  ava^ 
inches,  which  in  the  space  of  a  few  moments  materially  change  the 
»  of  the  country,  and  by  burying  the  bottom  lands  leave  dia- 
kst^r  and  misery  in  their  wake. 

Within  the  subpolar  regions,  where  a  large  part  of  the  surface 
B  for  much  of  the  year  covered  with  snow,  the  underlying  rocks 
\te  for  long  periods  saturated  with  thaw  water,  and  in  alternation 
ftre  repeatedly  frozen  and  thawed.  Essentially  similar  conditions 
RTO  met  with  in  the  high,  snow-capped  mountains  of  temperate  or 
torrid  repons.  For  the  subpolar  regions  particularly  it  is  now 
generally  recognized  that  somewhat  special  processes  of  soil  flow, 

tcriljed  under  the  name  wUfiuction,  are  charaeteriatic.  The 
«xact  nature  of  these  processes  is  as  yet  imperfectly  understood,  but 
there  can  be  little  doubt  concerning  the  large  rflle  which  they  have 
played  in  the  transportation  of  surface  materials.  Such  soil  flow 
is  clearly  manifested  under  different  aspects,  and  it  is  likely  that 
by  this  comprehensive  term  distinct  processes  have  been  brought 
tt^M'ther. 

Possibly  the  most  striking  aspect  of  the  soil  flow  in  subpolar 
T^ooa  is  furnished  by  the  remarkable  "  stone  rivers  "  and  "  rock 
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Fio.  169.  —  Strippii  grouiMi  frorn  » 
of  (^hipped  rock  frUKin^iitd  upon  A  alopo. 
Snow  Hill  IbIukI,  West  Aotaictica  (&[t«r 
Otto  NordeOBkidld}. 


glaciers  " ;   though  the  more  generally  characteristic  are  peculi^ 

fltripings  or  other  markings  which  appear  upon  the  surface  of  tl 
ground  and  thus  betraj*  1 
movements  of  the  underlyiJ 
materials.  Upon  slopes  it  I 
not  uncommon  for  the  surfaci 
to  be  composed  of  angular  ro 
fragments  riven  by  the  fni^ 
and  crossed  by  broad  par 
furrows  as  though  a  gigaoll 
plow  had  gone  over  it  (El 

159).    The  direction  of  the  furrows  is  always  up  and  down  i 

slope,  and  the  striping  is  marked  in  pro 

portion  as  the  slope  is  steep.     Where  the 

bottom  is  reached,  the  furrows  are  re 

placed   by  a  sort  of  mosaic  pavement 

of  hexagonal  repeating  figures,  each  of 

which  may  be  an  area  of  the  surface  six 

feet  or  more  across  (Fig.  160,  and  Fig 

390,   p.  368).     The  depressions  which 

separate  the  "  blocks  "  of  the  pavement    Fra  lao     Pa  -pment 

are  often  filled  with  clay,  while  the  in-      »""'»'  '"^"^  '*'"■  •"  "^ 

,  ,  ,  ,  ,  ,  flow.  Spitsbereeo  («fl«  OHO 

closed  surfaces  are  made  up  of  coarsely       Nordensidoid), 
chipped  stone. 

The  splitting  wedges  of  roots  and  trees.  —  In  the  mechanical    ' 

I  I*  breakdown    of   the  rocks 

-Ji'ij  witliin    humid    regions  a 

Y  S  not  unimportant    part  b 

111  sometimes   taken   by  Uie 

r)    V"-—  ^'^^  which  insinuate  the 

J  '^'^  tenuousextremitiesof  tbeir 

I  TKtlets  into  the  smallest 

racks,  and  by  continued 

growth  slowly  wedge  e 

the  firmer  rocks  apart  ('. 

Ibl).  In  a  similar  mai 

Fio.  161.  — Tree  rootB  entering  Bflsured  rock  and    the  small  tree  tnmk  g 

prying  its  aectiooB  apart.  ,  .... 

ing  within  a  crevice  o 
rock  may  in  time  split  its  parts  asunder  (Fig.  162), 
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E  mantle  and  its  shield  in  the  mat  of  vegetatioii.  — 
eh  the  action  of  weathering,  the  rocks,  as  we  have  seen, 
eir  integrity  within  a  Hurfaw  lnycr,  which,  though  it  may  be 
ch  as  a  hundred  feet  or  more 
ikness,  must  stiil  Iw  accounted 
f  film  above  the  underlying  Ijcd 
The  mechanical  agents  of  the 
iown  operate  only  within  a  few 
the  surface,  and  the  agents  of 
Iccomposition,  derived  as  they 
■om  the  atmosphere,  become 
before  they  have  descended  to 
)Osiilerable  depth.  The  surface 
of  incoherent  rock  is  usually 
id  to  as  the  roch  mmdU  (Fig. 
Where  the  rock  mantle  is  rel- 
r  deep,  as  it  is  in  the  states 
of  the  Ohio  in  the  eastern 
i  States,  there  is  found,  deep 
the  outer  layer  of  soil,  a  partially  decomposed  and  disin- 
ed  rock,  of  which  the  unaltered  minerals  lie  unchanged  In 
m  but  separated  by  the  new  minerals  which  have  resulted 
from  the  breakdown  of  their  more 
susceptible  associates.  While  thus 
in  a  certain  sense  possessing  the 
original  structure,  this  altered  ma- 
terial is  essentially  incoherent  and 
easily  succumbs  to  attack  by  the 
pick  and  spade,  so  that  it  ia  only 
at  considerably  greater  depths 
that  the  unaltered  rock  is  en- 
countered. 

Because   of   the    tendency   of 


Fia.  162.  —  A  litrgc  gladal  bowlder 
split  by  a  growiug  tref  ueu  Eaat 
Lanfliog,  Michigan  (after  a  pho- 
tograph by  Bertha  Thompson). 


J.  — Rock  ma 

a  rock,  above  which  is  soil  and 

.ubiew...  Co«ii  of  California    mantle  rock  to  Creep  down  upon 
•  pbotoEraphby  Fairbsnka).  %  ,  ,,  .   , 

slopes  it  IS  generally  found  thicker 

l;be  crests  and  at  the  bases  of  hills  and  thinnest  upon  their 

(Fig.  164). 

he  transformation  of  the  upper  portion  of  the  mantle  rock 
ic»l,  additional  chemical  processes  to  those  of  weathering 
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Fui.  ir>4.  —  niiiRram  to  show  the  varying  thickness  of 
niaiitlo  rock  upon  the  difTercnt  portions  of  a  hill  surface 
(after  Chambcrlin  and  Salisbury). 


are  carried  through  by  the  agency  of  earthwonns,  bacteria,  and 
other  organisms,  and  by  the  action  of  humus  and  other  acids  de- 
rived from  the  decomposition  of  vegetation.  The  bacteria  par- 
ticularly play  a  part  in  the  formation  of  carbonates,  as  they  di>< 

also  in  chaopiig: 
the   nitrogen 
the  air  into  nKJ 
trates  which 
come     avi 
as    plant 
Within      th< 
humid     troi 
regions  ants  and  other  insects  enter  as  a  large  factor  in 
decomposition,  as  they  do  also  in  producing  not  unim] 
surface  irregularities. 

How  important  is  the  cover  of  vegetation  in  retaining  the 
mantle  and  the  upper  soil  layer  in  their  respective  positions,  as 
required  for  agricultural  purposes,  may  be  best  illustrated  by  the 
disastrous  consequences  of  allowing  it  to  be  destroyed.  Wherever, 
by  the  destruction  of  forests,  by  the  excessive  grazing  of  animals, 
or  by  other  causes,  the  mat  of  turf  has  been  destroyed,  the  sur- 
face is  opened  in  gullies  by  the  first  hard  rain,  and  the  fertile  layer 
of  soil  is  carried  from  the  slopes  and  distributed  wnth  the  coarser 
mantle  upon  the  bottom  lands.  Thus  the  face  of  the  countrj'  is 
completely  transformed  from  fertile  hills  into  the  most  desolate 
of  deserts  where  no  spear  of  grass  is  to  be  seen  and  no  «J^i>pal  food 
to  be  obtained  (plat<3  5  A).  The  soil  once  washed  away  is  not  again 
renewed,  for  the  continuation  of  the  gullying  process  now  eSeSi^ 
tively  prevents  its  accumulation. 
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CHAPTER  XII 
THE  LIFE  HISTORIES  OF  RIVERS 

The  intricate  pattern  of  river  etchings.  —  The  attack  of  Hbn 
weather  upon  the  solid  lithosphere  destroys  the  integrity  of  its 
surface  layer,  and  through  reducing  it  to  rock  debris  makes  it  the 
natural  prey  of  any  agent  competent  to  carry  it  along  the  surface. 
We  have  seen  how,  for  short  distances,  gravity  unaided  may  irik 
up  the  debris  in  accumulations  of  talus,  and  how,  when  asfflsted  by 
thaw  water  which  has  soaked  into  the  material,  it  may  iEu^compM 
a  slow  migration  by  a  peculiar  type  of  soil  flow.  Yet  far  more 
potent  transporting  agencies  are  at  work,  and  of  these  the  one  of 
first  importance  is  running  water.  Only  in  the  hearts  of  great 
deserts  or  in  the  equally  remote  white  deserts  of  the  polar  regions 
is  the  sound  of  its  murmurings  never  heard.  Every  other  part  of 
the  earth's  surface  has  at  some  time  its  running  water  coursing 
in  valleys  which  it  has  itself  etched  into  the  surface.  It  is  this 
etching  out  of  the  continents  in  an  intricate  pattern  of  anastomos- 
ing valleys  which  constitutes  the  chief  difference  between  the  land 
surface  and  the  relatively  even  floor  of  the  oceans. 

The  motive  power  of  rivers.  —  Every  river  is  bom  in  throes 
of  Mother  Earth  by  which  the  land  is  uplifted  and  left  at  a  higher 
level  than  it  was  before.  It  is  the  difference  of  elevation  thus 
brought  about  between  separated  portions  of  the  land  areas  that 
makes  it  possible  for  the  water  which  falls  upon  the  higher  portions 
to  descend  by  gravity  to  the  lower.  This  natural  "  head  "  due  to 
differences  of  elevation  is  the  motive  power  of  the  local  streams, 
and  for  each  increase  in  elevation  there  is  an  immediate  response 
in  renewed  vigor  of  the  streams.  The  elevated  area  off  which  the 
rivers  flow  is  here  termed  an  upland. 

The  velocity  of  a  stream  will  be  dependent  not  only  upon  the 
difference  in  altitude  between  its  source  and  its  mouth,  but  upon 
the  distance  which  separates  them,  since  this  will  determine  the 
grade.    The  level  of  the  mouth  being  the  lowest  which  the  stream 
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can  reach  is  termed  the  base  level,  and  the  current  is  fixed  by  thi 
slope  or  dechvity.  The  capacity  to  Uft  and  transport  rock  d^brifl 
is  augmented  at  a  quite  surprising  rate  with  every  increase  in 
current  velocity,  the  law  being  that  the  weight  of  the  heaviest 
transportable  fri^ment  varies  with  the  sbcth  power  of  the  vetocit; 
of  the  current.  Thus  if  one  stream  flows  twice  as  rapidly  a 
another,  it  can  transport  fragments  which  are  dxty-four  times  as 
heavy. 

Old  land  and  new  land.  —  The  uplifts  of  the  continents  msf 
proceed  without  changes  in  the  position  of  the  shore  lines,  in 
which  case  areas,  already  carved  by  streams  but  no  longer  actively 
modified  by  them,  are  worked  upon  by  tools  freshly  sharpened 
and  driven  by  greater  power.  The  land  thus  subjected  to  active 
stream  cutting  is  described  as  old  land,  and  has  already  hadi 
engraved  upon  it  the  characteristic  pattern  of  river  etchings, 
alb^t  the  design  has  been  in  part  effaced. 

If,  upon  the  other  hand,  the  shore  line  migrates  seaward  with 
the  uplift,  a  portion  of  the  relatively  even  sea  floor,  or  new  land, 
is  elevated  and  laid  under  the  action  of  the  running  water. 
As  we  are  to  see,  stream  cutting  is  to  some  extent  modified  when 
a  river  pattern  is  inherited  from  the  uplift.  The  uplift,  whether 
of  old  land  only  or  of  both  old  land  and  new  land,  marks  the 
starting  point  of  a  new  river  history,  usually  described  as  an 
erosion  cycle. 

The  earlier  aspects  of  rivers.  —  Though  geologists  have  some- 
times regarded  the  uplift  of  the  continents  as  a  sort  of  upwarping 
m  a  continuous  curved  surface,  the  discussions  of  river  histories 
and  the  pictorial  illustrations  of  them  have  alike  clearly  assumed 
that  the  uplift  has  been  essentially  in  blocks  and  that  the  ele- 
vated area  meets  the  lower  lying  countrj'  or  the  sea  in  a  more  or 
leas  definite  escarpment.  The  first  rivers  to  develop  after  the 
uphft  may  be  described  as  gullies  shaped  by  the  sudden  down- 
rush  of  storm  waters  and  spaced  more  or  less  regularly  along  the 
margin  of  the  escarpment  (Fig,  165).  These  gullies  are  relatively 
short,  straight,  and  steep ;  they  have  precipitous  walls  and  few, 
if  any,  tributaries. 

With  time  the  gully  heads  advance  into  the  upland  as  they 
take  on  tributaries ;  and  so  at  length  they  in  part  invest  it  and 
dissect  it  into  numerous  irregularly   bounded   and     flat-topped 
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»bles  which   are  separated   by  cafions  (Fig.  166).     At  the  sain 

;  the  grade  of  the  chatmel  is  becoming  flatter,  and  its  precipi 

ious  walls  are  being  replaced  by  curving  slopes,  as  will  be  mor 


Flo.  165.  — Tw.Ji 
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fully  described  in  the  sequel.    It  is  because  of  this  progr 
reduction  of  grades  with  increasing  age  that  the  early  sta^  oi 
a  river's  life  are  much  the  most  turbulent  of  its  historj'.    The 


rater  then  rufihes  down  the  st^ep  grades  in  rapids,  and  is  ofte 
t  times  opened  out  in  some  basin  to  form  a  lake  where  diffei 
iQces  of  uplift  have  been  characteristic  of  neighboring  section 
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'  several  reasons  such  basins  in  the  course  of  a  etream  are  re!a- 
ily  short  lived  (Chapter  XXX),  and  they  disappear  with  the 
Her  stages  of  the  river  history. 

fhe  meshes  of  the  river  network.  —  From  the  continued  throw- 
out  of  new  trilmtaries  by  the  streams,  the  meshes  in  the 
er  network  draw  more  closely  together  aa  the  stages  of  its  his- 
y  advance.  The  closeness  of  texture  which  is  at  last  developed 
tm  the  upland  is  in  part  determined  by  the  quantity  of  rainfall, 
Ihat  in  New  Jersey  with  heavy  annual  precipitation  the  meshes 
the  network  are  much  smaller  than  they  are,  for  example, 
on  the  semiarid  or  arid  plains  of  the  western  United  States. 
I  design  will,  however,  in  either  case  more  or  less  clearly  express 
;  plan  of  rock  architecture  which  is  hidden  beneath  the  surface 
hapter  XVII). 

The  upper  and  lower  reaches  of  a  river  contrasted.  —  From 
'  fact  that  the  river  progressively  invades  new  portions  of  the 
land  and  lays  the  acquired  sections  under  more  and  more 
rrough  investment,  it  has  near  its  headwaters  for  a  long  time 
rontier  district  which  may  be  regarded  as  youthful  even  though 
sections  near  its  mouth  have  reached  a  somewhat  advanced 
je.  The  newly  acquired  sections  of  river  valley  may  thus 
Bcss  the  steep  grade  and  precipitous  walls  which  are  charac- 
stic  of  early  gullies  and  cafions  and  are  in  contrast  with 
more  rounded  and  flat-bottomed  sections  below.  Lateral 
ams,  from  the  fact  that  they  are  newer  than  the  main  or  trunk 


un  to  which  they  are  tributary,  likewise  descend  upon  somewhat 
per  grades  (Fig.  167). 

be  balance  between  degradatioa  and  aggradation.  —  We  have 
that  the  power  to  transport  rock  fragments  is  augmented  at 
Dst  surpriang  rate  with  every  increase  in  the  current  velocity. 
le  the  lighter  particles  of  rock  may  be  carried  as  high  up  as 
surface  of  the  water,  the  heavier  ones  are  moved  forward 
1  the  bottom  with  a  combined  rolling  and  hopping  motion 
d  by  local   eddies.     Those   particles  which   come  in  contact 
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with  the  bottom  or  sides  of  the  channel  abrade  its  surface  so  as 
ever  to  deepen  and  widen  the  valley.  This  cutting  accomplished 
by  partially  suspended  debris  in  rapidly  moving  currents  of  water  is 
known  as  corrosion  and  the  stream  is  said  to  be  incising  its  valley. 

As  the  current  is  checked  upon  the  lower  and  flatter  grades, 
some  of  its  load  of  sediment,  and  especially  the  coarser  portion^ 
will  be  deposited  and  so  partially  fill  in  the  channel.  A  nice 
balance  is  thus  established  between  degradation  and  the  om- 
trasted  process  known  as  aggradation.  The  older  the  river  valley 
the  flatter  become  the  grades  at  any  section  of  its  course,  and 
thus  the  point  which  separates  the  lower  zone  of  aggradatioa 
from  the  upper  one  of  degradation  moves  steadily  upstream  with 
the  lapse  of  time. 

The  accordance  of  tributary  valleys.  —  It  is  a  consequence  d 
the  great  sensitiveness  of  stream  corrasion  to  current  velodty 
that  no  side  stream  may  enter  the  tnmk  valley  at  a  level  above 
that  of  the  main  stream  —  the  tributary  streams  enter  the  larunk 
stream  accordantly.  Each  has  carved  its  own  valley,  and  any 
abrupt  increase  in  gradient  of  the  side  streams  near  where  they 
enter  the  main  stream  would  have  increased  the  local  corrasion 
at  an  accelerated  rate  and  so  have  cut  down  the  channel  to  the 
level  of  the  trunk  stream. 

The  grading  of  the  flood  plain.  —  All  rivers  are  subject  to 
.seasonal  variations  in  the  volume  of  their  waters.  Where  there 
are  wet  and  dry  seasons  these  differences  are  greatest,  and  for  a 
large  part  of  the  year  the  valleys  in  such  regions  may  be  empty 
of  water,  and  are  in  fact  often  utilized  for  thoroughfares.  In  the 
temperate  climates  of  middle  latitudes  rivers  are  generally  flooded 
in  the  spring  when  the  mnter  snows  are  melted,  though  they 
may  dwindle  to  comparatively  small  streams  during  the  late 
summer.  In  the  upper  reaches  of  the  river  the  current  velodties 
are  such  that  the  usual  river  channel  may  carry  all  the  water  of 
flood  time ;  but  lower  down  and  in  the  zone  of  aggradation,  where 
the  current  has  been  checked,  the  level  of  the  water  rises  in  flood 
above  the  banks  of  its  usual  channel  and  spreads  over  the  sur- 
rounding lowlands.  As  a  deposit  of  sediment  is  spread  upon  the 
surface,  the  succession  of  the  annual  deposits  from  this  source 
raises  the  general  level  as  a  broad  floor  described  as  the  flood  plain 
of  the  river. 


The  cycles  of  stream  meanders.  —  The  annual  fiooding  mi 
irater  and  simultaneous  deposition  of  silt  is  not,  however,  tl 
only  grading  process  which  is  in  operation  upon  the  flood  pi 
It  is  characteristic  of  swift  currents  that  their  course  is  m 
tmned  in  relatively  straight  lines  because  of  the  inertia  of 
rapidly  moving  water.     In  proportion  aa  their  currenli  becoi 
sluggish,  rivers  are  turned  aside  by  the  smallest  of  obstructionsi 
and  once  diverted  from  their  straight  course,   a  law  of  nature 
becomes  operative  which  increases  the  curvature  of  the  stream 
at  an  accelerated  rate  up  to  a  critical  point,  when  by  a  change, 
sudden  and  catastrophic,  a  new  and  direct  course  is  taken,  to  be 
in   its  turn   carried  through  a  similar   cycle  of  changes.     This 
Bo-called  meandering  of  a  stream  is  accompanied  by  a  transfer  of 
sediment  from  one  bend  or  meander  of  the  river  to  those  below 
and  from  one  bank  to  the  other.     Inasmuch  as  the  later  meanders 
cross  the  earlier  ones  and  in  time  occupy  all  portions  of  the  plain 
to  the  same  average  extent,  a  process  of  rough  grading  is  accom- 
plished to  which  the  annual  overflow  deposit  is  supplementary. 

The  course  of  the  current  in  consecutive  meanders  and  the 
croes  sections  of  the  channel  which  result  directly  from  the  mean- 
dering process  will  be  made  clear  from  examination  of  Fig.  168. 
So  aoon  as  diverted  from  its  direct  course,  the  current,  by  its 
inertia  of  motion,  is 
thrown  against  the 
outer  or  convex  side 
so  aa  to  scour  or 
corrode  that  bank. 
Upon  the  concave 
or  inner  side  of  the 
<mrve  there  is  in  con- 
sequence an  area  of 
slack  water,  and  here 
the  silt  scoured  from  higher  meanders  is  deposited.  The  scouring 
of  the  current  upon  the  outer  bank  and  the  filling  upon  the  Inner 
thus  ^ves  to  the  cross  section  of  the  stream  a  generally  unsyra- 
metrical  character  (Fig.  168  ab).  Between  meanders  near  the 
point  of  inflection  of  the  curve,  and  there  only,  the  current  is  cen- 
tered in  the  middle  of  the  channel  and  the  cross  section  is  syra- 
metrical  (Fig.  168  cd). 


symr  J 
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The  scour  upon  the  convex  side  of  a  meander  causes  the  rivEf 
to  swing  ever  farther  in  that  direction,  and  through  invafioD  of 
the  silted  flood  plain  to  migrate  acrosa  it.  Trees  which  lie  in  iM 
path  are  undermined  and  fall  uut- 
ward  in  the  stream  nith  tops  di- 
rected with  the  current  (Fig.  1C9). 
Whenever  the  flood  plain  is  fo^ 
ested,  the  fallen  trees  may  be  so 
numerous  as  to  lie  in  ranks  along 
the  shore,  and  at  the  time  of  the 
next  flood  they  are  carried  down- 
stream to  jam  in  narrow  placw 
along  the  chamipl  and  give  the  er- 
roneous impression  that  the  flood 
has  itself  uprooted  a  section  of  for- 
st  (see  p.  418). 
The  cut-ofC  of  the  meander.  — 
As  the  meander  swings  toward  its  extreme  position  it  becomes 
more  and  more  closely  looped.  Adjacent  loops  thus  approach 
nearer  and  nearer  to  each  other,  but  in  the  successive  positions 
a  nearly  stationary  point  is  established  near  where  the  river 
makes  its  sharpest  turn  (Fig.  170,  G,  and 
Fig.  454,  p.  417).  At  length  the  neck  of  land 
which  separates'  meanders  is  so  narrow  that 
in  the  next  freshet  a  temporary  jamming  of 
logs  within  the  channel  may  direct  the  waters 
across  the  neck,  and  once  started  in  the  new 
direction  a  channel  is  scoured  out  in  the 
soft  silt.  Thus  by  a  breaking  through  of 
the  bank  of  the  stream,  a  so-called  "  cre- 
vasse," the  river  suddenly  straightens  its 
course,  though  up  to  this  time  it  has  steadily 
become  more  and  more  sharply  serpentine. 
After  the  cutoff  has  occurred,  the  old  chan- 
nel may  for  a  time  continue  to  be  used  by  the 
stream  in  common  with  the  new  one,  but  the  advantage  in  velocity 
of  current  being  with  the  cut-off,  the  old  channel  cont^ains  slacker 
water  and  so  begins  to  fill  with  silt  both  at  the  beginning  and 
the  end  of  the  loop.     Eventually  closed  up  at  both  ends,  this  loop 
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oxbow  "  is  entirely  separated   from  the  new  channel,  &ai 
once  abandoned  of   the  etream  is  transformed   into  an  oxbov] 
lake  (Fig.  171  and  p.  415). 

Meander  scars. — Swinging  as  it  occasionally  does  in  itsi 
meanderings  quite  across  the  flood  plain  and  against  the  bank  ofl 
the  earlier  degrading  river  in 
this  section,  the  meander  at 
times  scours  the  high  bank 
which  bounds  the  flood  plain, 
and  undermining  it  in  the  same 
manner,  it  excavates  a  recess 
of  amphitheatral  form  which  is 
known  rs  a  meander  scar  (Fig. 
172).  At  length  the  entire  bank  Fm. 
is  scarred  in  this  manner  so  as  P*^  "' '  """■ 

to  present  to  the  stream  a  series  of  concave  scallops  separated  by 
sharp  intermediate  salients  of  cuspate  form- 
River  terraces.  —  Whenever  the  river's  history  is  interrupted 
by  a  small  uplift,  or  the  base  level  is  for  any  reason  lowered,  the 
stream  at  oncp  begins  to  sink  its  channel  into  the  flood  plain. 
Once  more  flowing  upon  a  low  grade,  it  again  meanders,  and  so- 
produces  new  walls  at  a  lower  level,  but  formed,  like  the  first,  of 
intersecting  meander  scare.  Thus  there  is  produced  a  new  flood 
plain  with  cUff  and  ter- 
race above,  which  is 
known  as  a  river  terrace. 
A  succession  of  uplifts 
or  of  depressions  of  the 
base  level  yields  terraces 
in  series,  as  they  appear 
schematically  represented 
in  Fig.  172.  Such  ter- 
races are  to  be  found  well  developed  upon  most  of  our  larger 
rivers  to  the  northward  of  the  Ohio  and  Missouri.  The  highest 
terrace  is  obviously  the  remnant  of  the  earliest  flood  plain,  as  the 
lowest  represents  the  latest. 

The  delta  of  the  river.  —  As  it  approaches  its  mouth  the  river 
moves  more  and  more  sluggishly  over  the  flat  grades,  and  swings 
in  broader  meanders  as  it  flows.     Yet  it  still  carries  a  quantity 


,n«~17S. — SehBmslJc  repreaeutnlian  of  a  aeriea 
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of  silt  which  is  only  laid  down  after  its  current  has  been  stopped 
on  meeting  the  body  of  standing  water  into  which  it  discharge. 
If  this  be  the  ocean,  the  salinity  of  the  sea  water  greatly  aid^  ini 
quick  precipitation  of  the  finest  material.  This  clarifying  ^ect 
upon  the  water  of  the  dissolved  salt  may  be  strikingly  illustrated 
by  taking  two  similar  jars,  the  one  filled  with  fresh  and  the  other 
with  salt  water,  and  stirring  the  same  quantity  .of  fine  clay  into 
each.  The  clay  in  the  salt  water  is  deposited  and  the  water 
cleared  long  before  the  murkiness  of  the  other  has  disappeared. 

By  the  laying  down  of  the  residue  of  its  burden  of  sediment 
where  it  meets  the  sea,  the  river  builds  up  vast  plains  of  silt  and 
clay  which  are  known  as  deltas  and  which  often  form  lai^  local 
extensions  of  the  continents  into  the  sea.  Whereas  in  its  upper 
reaches  the  river  with  its  tributary  streams  appears  in  the  plan 
like  a  tree  and  its  branches,  in  the  delta  region  the  stream,  by 
dividing  into  diverging  channels  called  distributaries  (Fig.  458, 
p.  420),  completes  the  resemblance  to  the  tree  by  adding  the 
roots.  From  the  divergence  of  the  distributaries  upon  the  delta 
plain  the  Greek  capital  letter  A  is  suggested  and  has  supplied  the 
name  for  these  deposits.  Of  great  fertility,  the  delta  plains  of 
rivers  have  become  the  densely  populated  regions  of  the  globe, 
among  which  it  is  necessary  to  mention  only  the  delta  of  the 
Nile  in  Eg>'pt,  those  of  the  Ganges  and  Brahmaputra  in  India, 
and  those  of  the  Hoang  and  Yangtse  rivers  in  China. 

The  levee.  —  When  the  snows  thaw  upon  the  mountains  at 
the  headwaters  of  large  rivers,  freshets  result  and  the  delta  regions 
are  flooded.  At  such  times  heavily  charged  with  sediment,  a 
thin  deposit  of  fertile  soil  is  left  upon  the  surface  of  the  delta 
plain,  and  in  Egypt  particularly  this  is  depended  upon  for  the 
annual  enrichment  of  the  cultivated  fields.  Though  at  this  time 
the  waters  spread  broadly  over  the  plain,  the  current  still  continues 
to  flow  largely  within  the  normal  channel,  so  that  the  slack  water 
upon  either  side  becomes  the  locus  for  the  main  deposit  of  the 
sediment.  There  is  thus  built  up  on  either  side  of  the  channel  a 
ridge  of  silt  which  is  known  as  a  levee^  and  this  bank  is  steadily 
increased  in  height  from  year  to  year  (Fig.  452). 

To  prevent  the  danger  of  floods  upon  the  inhabited  plains, 
artificial  levees  are  usually  raised  upon  the  natural  ones,  and  in  a 
country  like  Holland,  such  levees  (dikes)  involve  a  large  expendi- 
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tte  of  money  and  no  small  degree  of  engineering  skill  and  ex- 

Brience  to  construct.     So  important  to  the  life  of  the  nation  is 

le  proper  management  of  its  dikes,  that  in  the  past  history  of 

hina  each  weak  administration  has  been  marked  by  the  develop- 

ent  of  graft  in  this  important  department  and  by  floods  which 

ive  destroyed  the  lives  of  hundreds  of  thousands  of  people. 

Wherever  there  has  been  a  markedly  rapid  sinking  upon  a 

Ita  region,  and  depressions  are  common  in  delta  territory,  no 

ubt  as  a  result  of  the  loading  down 

the  crust,  the  river  may  present  the 

radoxical  condition   of   flowing  at  a 

;her  level  than  the  surroundiug  coiin- 

'.      Between  the  levees  of  neighboring 

tributaries  there  are  peculiar  saucer- 

iped  depressions  of  the  country  wiiich 

rily  become  filled  with  water.     At  the 

tpemity  of  the  delta  the  levee  may  be 

3  only  land  which  shows  above  the   fio.  I73.  — 'Bird-rooi-  delta, 

-  I  ,    .1  1  of  tbe  MUaiHstoDi  River. 

ean  surface,  and  so  present  the  pecui- 

■  "  bird-foot "  outline  which  is  characteristic  of  the  extremity 
the  Mississippi  delta,  though  other  processes  than  the  mere 
iking  of  the  deposits  may  contribute  to  this  result  (Fig,  173), 
The  sections  of  delta  deposits.  —  If  now  we  leave  the  plan  of 
e  delta  to  consider  the  section  of  its  deposits,  we  find  them  so 
ATacteHstic  as  to  be  easily  recognized.  Considered  broadly, 
e  delta  advances  seaward  after  the  manner  of  a  railroad  cmbank- 
ent  which  is  being  carried  across  a  lake.  Though  the  greater 
oiioa  of  the  deposit  is  unloaded  upon  a  steep  slope  at  the  front, 
smaller  amount  of  material  is  dropped  along  the  way,  and  a 
yer  of  extremely  fine  material  settles  in  advance  as  the  water 
ears  of  its  finely  suspended  particles  (Fig.  174).  Simultaneous 
sposits  within  a  delta  thus  comprise  a  nearly  horizontal  layer 
coarser  materials,  the  so-called  top-set  bed ;  the  bulk  of  the 
>po^t  in  ft  forward  sloping  layer,  the  so-called  fore-set  bed ; 
id  a  thin  film  of  clay  which  is  extended  far  in  advance,  the  ' 
>ttom-3et  bed  (Fig.  174, 2}.  If  at  any  point  a  vertical  section  is 
lade  through  the  deposits,  beds  deposited  in  different  periods 
■e  encountered ;  the  oldest  at  the  bottom  in  a  horizontal  posi- 
OB,  the  next  younger  above  them  and  with  forward  dip,  and  the 
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youngest  and  coarsest  upon  the  top  in  neariy  borisontal  potatioo 
(Fig.  174,  3). 

It  has  been  estimated  that  the  surface  of  the  United  Ststei 
is  now  being  pared  down  by  erosion  at  the  average  rate  of  in 
inch  in  760  yean. 
The  derived  ma- 
terial is  bone 
deposited  in  the 
flood  plain  and 
delta  re^ns  of  ill 
principai  rivoL 
Some  513  milSoo 
tons  of  suspended 
matter  is  in  tbt 
United  States  Ctf-  1 
ried  to  tidewater  ' 
each  year,  sod 
about  half  as  mudl  ' 
more  goes  out  to  ' 
sea  as  dissolved 
matter.  If  tJiit 
material  were  re- 
moved from  the 
Panama  Canal  cutting,  an  85-foot  sea-level  canal  would  be  ex- 
cavated in  about  73  days.  The  Mississippi  River  alone  carries 
annually  to  the  sea  340  million  tons  of  suspended  matter,  <a 
two  thirds  of  the  entire  amount  removed  from  the  area  of  the 
United  States  as  a  whole.  It  is  thus  little  wonder  that  great 
deltas  have  extended  their  boundaries  so  rapidly  and  that  tbe 
crust  is  so  generally  sinking  beneath  the  load. 


CHAPTER  XIII 


KARTH    FEATURES    SHAPED    BY    RUNNING    WATER 

The  newly  incised  upland  and  its  sharp  salients.  —  The  suc- 
ive  stages  of  incising,  sculpturing,  and  Snaliy  of  reducing  an 
Sfted   land  area,  are  each  of    them  possessed  of    distinctive 
iracters  which  are  all  to  be  read  either  from  the  map  or  in  the 
3  of  the  landscape.     Upon  the  newly  uplifted  plain  the  incis- 
by  the  young  rivers  is  to  be  found  chiefly  in  the  neighbor- 
td  of  the  margins.     In  this  stage  the  valleys  are  described  as 
liaped  cafions,  for  the  valley  wall   meeta   the  upland   surface 
cihATp  salients  (plate  12  A),  and  the  tines  of  the  landscape  are 
ougbout  made  up  from  straight  elements.     Though  the  land- 
ed of  this  stage  present  the  grandest  scenery  that  is  known 
may  be  cut  out  in  massive  proportions,  often  with  rushing 
■  or  placid  lake  to  enhance  the  effect  of  crag  and  gorge,  they 
^k  the  softness  and   grace   of 
bitline  -which  belong  only  io  the 
Kiurer    erosion    stages.     The 
cafion    of    the   Colorado 
the  features  character- 
of  this  stage  In  the  grandest 
most  sublime  of  all  exam-    ^> 
,  and  the  castled  Rhine  is  a     '■  l::^^      '  "  -""  ■ 
Cge  of  rugged  beauty,  carved    Fta.  17fi.  —  Gorge  of  the  River  Rhine 

I    from    the  newly  elevated      °""/';  ?°"' ?;'"'' "l'":."  "'^ 

,  -,  .  bftcd  plain  which  forms  the  hill  tops. 

iteau     of     western     Prussia, 
irough  which  the  water  swirls  in  eddying  rapids  (Fig.  175). 

The  stage  of  adolescence.  —  As  the  upland  becomes  more 
rgely  invaded  as  a  consequence  of  the  headward  advance  of 
le  canons  and  their  sending  out  of  tributary  side  canons,  the 
larp  angles  in  which  the  canon  walls  intersect  the  plain  become 
radually  replaced  by  well-rounded  shoulders.  Thus  the  lines  in 
landscapK  of  this  stage  are  a  combination  of  the  straight 
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Fio.  170.  —  V-shaped  valley  with  well- 
rounded  shouldcrB  characteristic  ol 
the  stage  of  adoiCBcDQCD.  AUegbeDy 
plateau  in  West-  Virginia. 


line  with  a  simple  curve  convex  toward  the  sky  (Kg.  176).  h 
this  stage  large  sections  of  the  ori^nal  plateau  renuin,  thon^ 
cut  into  small  areas  by  the  «• 
tensions  of  the  tributary  v&ll^ 
The  maturely  dissected  q- 
land.  —  Continued  ramificatim 
by  the  rivers  eventually  dividt 
the  entire  upland  area  into  te^ 
arated  parts,  and  the  roimding 
of  the  shoulders  of  valleys  pro- 
ceeds simultaneously  until  of  the 
ori^^nal  upland  no  easily  recog- 
nizable compartments  are  to  be  found.  Where  before  were  flri 
hilltops  are  now  ridges  or  watersheds,  the  welt-known  dwiia. 
The  upland  is  now  said  to  be  completely  dissected  or  to  isn 
arrived  at  maturity.  The  streams  are  still  vigorous,  for  they 
make  the  full  descent  from  the  upland  level  to  base  level, 
yet  a  critical  turning  point  of 
their  history  has  been  reached, 
and  from  now  on  they  are  to 
show  a  steady  falling  off  in  effi- 
ciency as  sculpturing  agents. 

Viewed  from  one  of  the  hill 
tops,  the  landscape  of  this  stage 
bears  a  marked  resemblance  to 
a  sea  in  which  the  numberless 
divides  are  the  crests  of  billows,  and  these,  as  distance  reduces 
their  importance  in  the  landscape,  fade  away  into  the  even  line 
of  the  horizon  (Fig.  177). 

The  Hogarthjan  line  of  beauty.  —  Since  the  youthful  stage  of 
the  upland,  when  the  lines  of  its  landscape  were  straight,  its 
character  rugged,  and  its  rivers  wild  and  turbulent,  there  has 
been  effected  a  complete  transformation.  The  only  strai^t  line 
to  be  seen  is  the  distant  horizon,  for  the  landscape  is  now  molded 
in  softened  outlines,  among  which  there  is  a  repeated  recurrence 
of  the  line  of  beauty  made  famous  by  Hogarth  in  his  "  Analysis  of 
Beauty."  As  well  known  to  all  art  students,  this  is  a  Ednuous 
line  of  reversed  or  double  curvature  —  a  curve  which  passes 
insensibly  at  a  point  of  inflection  from  convex  to  concave  (F1^ 


Fro.  177.  —  View  of  a  maturely  ili«Mt(d 
uptaod  from  one  of  its  hilltopa,  Kla- 
math Mouataina.  California  (sfi«t  * 
photograph  by  Fairbanks). 
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78).  The  curve  of  beauty  is  now  found  in  every  section  of  the 
Uls,  and  it  impartB  to  the  landscape  a  gracefulness  and  a  measure 
restfulness  as  well,  which  are  not  to  be  found  in  the  landscapes 
earlier  stages  In  the  erosion  cycle.  In  the  bottoms  of  the 
tJleys  also  the  initial  windings  of  the 
rers  within  their  narrow  flood  plains 
Id  silver  beauty  lines  which  stand 
it  prominently  from  the  more  som- 
(T  background  of  the  hills. 
Considered  from  the  commercial 
ewpoint,  the  mature  upland  is  one 

the  l4>ast  a<iaptable  as  a  habitation  for  highly  civilized  man. 
^ct  lines  of  communication  run  up  hill  and  down  dale  in 
inotonouB  alternation,  and  almost  the  only  way  of  carrying  a 
lilroad  through  the  region,  without  an  expentliture  for  trestles 
hich  would  he  prohibitive,  is  to  follow  the  tortuous  crest  of  a 
un  divide  or  the  equally  winding  bed  of  one  of  the  larger  valleys. 
The  final  product  of  river  sculpture  —  the  peneplain.  —  When 
aturity  has  been  reached  in  the  history  of  a  river,  its  energies 
«  devoted  to  a  paring  down  of  the  valley  slopes  and  crests  so 
;  to  reduce  the  general  level.  From  this  time  on  hill  summits 
>  longer  fall  into  a  common  level  —  that  of  the  ori^nal  upland 
-  for  some  mount  notably  higher  than  others,  and  with  increaa- 
g  age  such  differences  become  accentuated.  There  is  now  also 
larger  aggradation  of  the  valleys  to  form  the  level  floors  of 
Dod  plains,  out  of  which  at  length  the  now  slight  elevations  rise 
such  gentle  slopes  that  the  process  of  land  sculpture  ap- 
proaches its  end.  Gradually 
the  vigor  of  the  stream  has 
faded  away,  and  can  now  only 
be  renewed  through  a  fresh 
uplift  of  the  land,  or,  what 
would  amount  to  the  same 
thing,  a  depression  of  the  base 
level.  Upland  and  river  have 
reached  old  age  together,  and 
the  approximation  to  a  new 
in  but  little  elevated  above  base  level  is  so  marked  that  the 
me  peneplain  is  applied  to  it.     Scattered  elevations,  which  be- 


rg.—view  of  Ih.'  olii  land  of  N(!i 
AQd,  with  Mount  MoDUdaockrifiia 
in  tfao  dulOQC'e, 
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cause  of  some  favoring  drcumstance  rise  to  greater  heists  abovQ 
the  general  level  of  the  peneplain,  are  known  as  rnxmoAfwda^  after 
the  type  example  of  Mount  Monadnock  in  New  HampBhire  (Eg. 
179). 

The  river  cross  sections  of  successive  stages.  —  To  the  suc- 
cessive stages  of  a  river's  life  it  has  been  conmion  to  carry  over 
the  names  from  the  well-marked  periods  of  a  human  life.  If 
neglecting  for  the  moment  the  general  aspect  of  the  upland,  we 

fix  our  attention  up- 
on the  characteristie 
cross  sections  of  the 
river  valley,  we  find 
that  here  also  th»e 
are  clearly  marked 
characters  to  distin- 
guish each  stage  of  (he 
river's  life  (Pig.  180). 
In  infancy  the  steep, 
narrow,  and  sharp- 
angled  cation  is  a  char- 
acteristic; with  youth 
the  wider  V-f orm  has  already  developed ;  in  adolescence  the  angles 
of  the  caiion  are  transformed  into  well-rounded  shoulders,  and  the 
valley  broadens  so  as  in  the  lower  reaches  to  lay  down  a  flood 
plain ;  in  maturity  the  divides  and  the  double  curves  of  the  line 
of  beauty  appear ;  while  in  the  decline  of  old  age  the  vaUeys  are 
extremely  broad  and  flat  and  are  floored  by  an  extended  flood 
plain. 

The  entrenchment  of  meanders  with  renewed  uplift.  —  Upon 
the  reduced  grades  which  are  characteristic  of  the  declining  stage 
of  a  river's  life,  the  current  has  little  power  to  modify  the  surface 
configuration.  On  the  old  land  of  this  stage  a  renewed  uplift 
starts  the  streams  again  into  action.  This  infusion  of  driving 
power  into  moving  water,  regarded  as  a  machine  capable  of  ac- 
complishing certain  work,  is  like  winding  up  a  clock  that  has 
run  down.  Once  more  the  streams  acquire  a  velocity  suflScient 
to  enable  them  to  cut  their  valleys  into  the  land  surface,  and 
so  a  new  erosional  cycle  may  be  inaugurated  upon  the  old  land 
surface  —  the  peneplain.    After  such  an  uplift  has  been  accom- 
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Fio.  180.  —  Comparison  of  the  cross  sections  of  river 
valleys  for  the  different  stages  of  the  erosion  cyde. 
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plisbed  and  the  rivers  have  sunk  their  early  valleys  within  the 
new  upland,  we  may  look  out  from  this  now  elevated  surface 
and  the  eye  take  in  but  a  single  horizontal  line,  since  we  view 
the  plain  along  its  edge. 

By  the  uplift  the  meanders  of  the  earlier  rivers  may  become 
entrenched  in  the  new  upland,  the  wide  lobes  of  the  individual 
meanders  being  now  separated  by  mountains  where  before  had 
been  plains  of  silt  only.  The  New  River  of  the  Cumberland 
plateau  and  the  Yakima  River  of  central  Washington  (Fig.  181) 
furnish  excellent  American  examples  of  intrenched  meanders,  as 


3.  181.— The  Beavertsil  Bend  ol  the  VftldinaCafiDn  in  central  WoshiDgtoii 
(after  George  Otis  Smith), 

the  Moselle  River  does  in  Europe.  Upon  the  course  of  the  latter 
river  near  the  town  of  Zell  a  tunnel  of  the  railroad  a  quarter  of 
a  mile  in  length  pierces  a  mountain  in  the  neck  of  a  meander 
lobe  in  which  the  river  itself  travels  a  distance  of  more  than  six 
miles  in  order  to  make  the  same  advance.  The  Kaiser  Wilhelm 
timncl  in  the  same  district  penetrates  a  larger  mountain  included 
in  a  double  meander  ot  the  river.  Although  intrenched,  river 
meanders  are  still  competent  to  scour  and  so  undermine  the 
outer  bank,  and  with  favoring  conditions  they  may  by  this  process 
erode  extended  "  bottoms  "  out  of  the  plat«au.  (See  Lockport 
quadrangle,  U.  S.  G.  S.) 

The  valley  of  the  rejuvenated  river.  —  WTienever  a  new  uplift 
occurs  before  an  erosional  cycle  has  been  completed,  the  rivers 
become  intrenched,  not  in  a  peneplain,  but  in  the  bottoms  of 
broad  valleys.     The  sweeping  curves  which  characterize  mature 
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landscapes  may  thus  be  brought  mto  striking  contrast  mih  Uie 
straight  lines  of  youthful  cafions  which  with  V-«ections  descend 

from  their  lowest  leveb 
(Fig.  182).  The  fuD 
cross  section  of  such  & 
valley  shows  a  central  V 
whose  sharp  shoulders 
are  extended  outward 
and  upward  in  the  soft- 
ened curves  of  later  ero- 
sion stages. 

The  arrest  of  stream 
erosion  by  the  more  re- 
sistant rocks. — The  ca- 


--A 


Fio.  182.  —  A  rejuvenated  river  valley  (after  a 
photograph  by  Fairbanks). 


pacity  of  a  river  to  erode  and  carry  away  the  rock  material 
that  lies  along  its  course  is  dependent  not  only  upon  the  ve- 
locity of  the  current,  but  also  upon  the  hardness,  the  firmness 
of  texture,  and  the  solubility  of  the  material.  Particularly  in 
arid  and  semiarid  regions,  where  no  mantle  of  vegetation  is  at 
hand  to  mask  the  surfaces  of  the  firmer  rock  masses,  differences 
of  this  kind  are  stamped  deeply  upon  the  landscape.  The  rock 
terraces  in  the  Grand  Caiion  of  the  Colorado  together  represent 
the  stronger  rock  formations  of  the  region,  while  sloping  talus 
accumulations  bury  the  weaker  beds  from  sight. 

Each  area  of  harder  rock  which  rises  athwart  the  course  of  a 
stream  causes  a  temporary  arrest  in  the  process  of  valley  erosion 
and  is  responsible  for  a  noteworthy  local  contraction  of  the  river 
valley.  The  valley  is  carved  less  widely  as  well  as  less  deeply, 
and  since  a  river  can  never  corrade 
below  its  base,  a  "  temporary  base 
level  "  is  for  a  time  established 
above  the  area  of  harder  rock. 
Owing  to  the  contraction  of  the 
valley  under  these  conditions,  the 
locality  is  described  as  a  river 
narrows  (Fig.  183).  The  narrows 
upon  the  Hudson  River  occur  in 
the  Highlands  where  the  river  leaves  a  broad  expanse  occupied 
iby  .softer  sediments  to  traverse  an  island-like  area  of  hard  crystal- 


Fia.  183.  —  Plan  of  a  river  narrows. 
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rocks.  Within  the  narrows  of  a  river  the  steep  walla,  eharac- 
tic  of  youth  and  the  turbulent  current  as  well,  are  often  retained 
after  other  portions  of  the  river  have  acquired  the  more  restful 

of  river  maturity.     The  picturesque  crag  and  the  generally 
fd  character  of  river  narrows  render  them  points  of  special 
est  upon  every  navigable  river. 
le  capture  of  one  river's  territory  by  another.  —  The  effect 

hard  layer  of  rock  interposed  in  the  course  of  a  stream  is 

always  to  delay  the  advance  of  the  erosional  process  at  all 
i  above  the  obstfuction.  When  a  stream  in  incising  its 
y  degrades  its  channel  through  a  veneer  of  softer  rocks  into 
er  materials  below,  it  is  technically  described  as  having  rfi's- 
erf  the  harder  layer.  Where  several  neighboring  streams  flow 
imilar  routes  to  their  common  base  level,  those  which  dis- 
r  a  harder  rock  will  advance  their  headwaters  less  rapidly 

the  upland  and  so  will  be  at  a  disadvantage   in  extending 

drainage  territory.  A  stream 
h  is  not  thus  hindered  will  in  the 
iC  of  time  rob  the  others  of  a  por- 
of  their  territory,  for  it  is  able  to 
;  its  lower  reaches  nearer  to  base 
and  thus  acquire  for  its  upper 
les,  where  erosion  ia  chiefly  accom- 
ed,  an  advantage  in  declivity.  The 
le  which  separates  its  hetidwaters 

those  of  its  less  favored  neighbor 
in  consequence  migrate  steadily  in- 
le  neighbor's  territory.  The  divide 
us  a  sort  of  boundary  wall  aeparat- 
,he  drainage  basins  of  neighboring 
jns,  and  any  naJgration  must  extend 
territory  of  the  one  at  the  expense 
le  other.     As  more  and  more  terri- 

is  brought  under  the  dominion  of 
Qore  favored  stream,  there  will  come 
le  when  the  divide  in  its  migration 
arrive  at  the  channel  of  the  stream  that  is  being  robbed,  and 
f  a  sudden  act  of  annexation  draw  off  all  the  upper  waters 
its  own  basin.     By  this  capture  the  stream  whose  territory  has 
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been  invaded  is  said  to  have  been  beheaded.  By  this  act  of  piroef 
the  stronger  stream  now  develops  exceptional  activity  becansetf 
the  local  steep  grades  near  the  point  of  capture,  and  withthk 
newly  acquired  cutting  power  the  invader  is  competent  to  ad> 
vance  still  further  and  enter  the  territory  of  the  stream  that  fia 
next  beyond.  The  type  of  drainage  network  which  results  from 
repeated  captures  of  this  kind  is  known  as  "trellis  drainaise" 
(Fig.  184),  a  type  well  illustrated  by  the  rivers  of  the  southern 
Appalachians 

In  general  it  may  be  said  that,  other  conditions  being  the 
same,  of  two  neighboring  streams  which  have  a  common  base 
level,  that  one  which  takes  the  longest  route  will  lose  territoiy 
to  the  other,  since  it  must  have  the  flatter  average  slope.  Stream 
capture  may  thus  come  about  without  the  discovery  of  haid 
rock  layers  which  are  more  unfavorable  to  one  stream  than  an- 
other. 

Water  and  wind  gaps.  —  In  the  Allegheny  plateau  rivers  at» 
the  range  of  harder  rocks  in  deep  mountain  narrows  which  upon 
the  horizon  appear  as  gateways  through  the  barrier  of  the  moun- 
tain wall.    Such  gate- 
wa3rs    are    sometimes 
referred  to  as  ''water 
gaps,"    of   which  the 
Delaware   Water  Gap 
is    p)erhaps    the    best 
known     example, 
though    the    Potomac 
crosses    the    Blue 
Ridge  at  the  historic 
Harper's  Ferry  through 
a  similar  portal.    The 
valley  of  the  tributan' 
Shenandoah  has  been  the  scene  of  an  interesting  episode  in  the 
struggle  of  rival  streams  which  is  typical  of  others  in  the  same 
upland  region.     The  records  which  may  be  made  out  from  the 
landscapes  show  clearly  that  in  an  earlier   but  recent   period, 
when  the  general  surface  stood  at  a  higher  level  which  has  been 
called  the  Kittatinny  Plain,  the  younger  Potomac  of  that  time 
and  a  younger  but  larger  ancestor  of  Beaverdam  Creek  each 


Fio.  185.  —  Sketch  maps  to  show  the  earlier  and  the 
present  drumagc  condition  about  the  Blue  Ridge 
near  Harper's  Ferry. 
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^  the  Blue  Ridge  of  the  Ume  through  Bimilar  water  gaps 
~~i  map,  and  Fig.  186).    The  Potomac  of  that  time  was, 

f  the  more 
^iDtrencbed, 
ssing  an 
in  slope 
able  to 
the  divide 
iliead  of  its 
tary,  the 
Ikenaoduah,  into 
t  territory  of  Beaverdam  Creek.  Thus  the  beheading  of  the 
Baverdam  by  the  Shenandoah  was  accomplished  (Fig.  186,  second 
ftp)  and  its  upper  waters  annexed  to  the  Potomac  system. 
1th  the  subsequent  lowering  of  the  general  level  of  the  country 
riiich  yielded  the  present  Shenandoah  Plain,  the  former  water  gap 
i  Beaverdam  Creek  was  abandoned  of  its  stream  at  a  high  level 
the  range.  Known  as  SnJckers  Gap,  it  may  serve  as  a  type  of 
e "  wind  gaps  "  of  similar  origin  which  are  not  altogether  un- 
itmiinoa  in  the  Appalachian  Mountain  system  (Fig.  186). 

Chuacter  profiles.  —  For  humid  regions  the  landscapes  possess 

iharacters  which,  speaking  broadly,  depend  upon  the  stage  of  the 

cycle.     For  the  earliest  stages  the  straight  line  enters 

almost  the  only  element  in  the  design ;  as  the  cycle  advances 

adolescence  the  rounded  forms  begin  to  replace  the  angles  of 
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the  immature  stages,  and  with  full  maturity  the  lines  of  beauty 
alone  are  characteristic.  As  this  critical  stage  is  passed  irregu- 
larity of  feature  and  ever  more  flattened  curves  are  found  to  cor- 
respond to  the  decline  of  the  river's  vital  energies.  There  are 
thus  marks  of  senility  in  the  work  of  rivers  (Fig.  187). 

* 
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CHAPTER  XIV 
THE  TRAVELS   OF  THE  UNDERGROUND  WATER 

The  descent  within  the  unsaturated  zone.  —  Of  the  moisture 
precipitated  from  the  atmosphere,  that  portion  which  neither 
evaporates  into  the  air  nor  runs  off  upon  the  surface,  sinks  into 
the  ground  and  is  described  as  the  ground  water.  Here  it  descends 
by  gravity  through  the  pores  and  open  spaces,  and  at  a  quite 
moderate  depth  arrives  at  a  zone  which  is  completely  saturated 
with  water.  The  depth  of  the  upper  surface  of  this  saturated  lone 
varies  with  the  humidity  of  the  climate,  with  the  altitude  of  the 
earth's  surface,  and  with  many  other  similarly  varying  factors. 
Within  humid  regions  its  depth  may  vary  from  a  few  feet  to  a  few 
hundred  feet,  while  in  desert  areas  the  surface  may  lie  as  low  as  a 
thousand  feet  or  more. 

The  surface  of  the  zone  of  the  lithosphere  that  is  saturated 
with  water  is  called  the  water  table,  and  though  less  accentuated  it 
conforms  in  general  to  the  relief  of  the  country  (Fig.  188).    Its 


.' . 


Fio.  188.  —  Diagram  to  show  the  seasonal  range  in  the  position  of  the  water  table 

and  the  cause  of  intermittent  streams. 


depth  at  any  point  is  found  from  the  levels  of  all  perennial  streams 
and  from  the  levels  at  which  water  stands  in  wells. 

During  the  season  of  small  precipitation  the  water  table  is 
lowered,  and  if  at  such  times  it  falls  below  the  bed  of  a  valley, 
the  surface  stream  within  the  valley  dries  up,  to  be  revived  when, 
after  heavier  precipitation,  the  water  table  has  in  turn  been  raised. 
Such  streams  are  said  to  be  intermittent^  and  are  especially  char- 
acteristic of  semiarid  regions  (Fig.  188). 
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Wherever  in  descending  from  the  surface  an  impervious  layer, 
such  as  clay,  is  encountered,  the  further  downward  progress  of  the' 
watpr  is  arrested.  Now  conducted  in  a  lateral  direction  it  issues, 
at  the  surface  as  a  spring  at  the  line  of  emergence  of  the  upper  sur-' 
face  of  the  impervious  layer  (Fig.  189). 


y^a,  189.  —  DioKniQ  to  ahow  how  an  imperviouB  layer  oonduptB  the 
water  in  &  lateral  direction  to  iasue  in  inirf »co  Bpringa. 

The  trunk  channels  of  descending  water. — While  within  the! 
Uo consolidated  rock  materials  near  the  surface  of  the  earth,  it  is  J 
clear  that  water  can  circulate  in  proportion  as  the  materials  are  I 
porous  and  so  relatively  pervious.     As  the  pore  spaces  ttecomel 
minute  and  capillary,  the  difBoulty  of  permeation  through  the! 
materials  becomes  very  great.     Thus  in  the  noncoherent  rockj 
it  is  the  coarse  gravel  and  the  layers  of  sand  which  serve  as  thei 
underground  channels,  while  the  fine  clays  have  the  effect  of  a 
impervious  wall  upon  the  circulating  waters,     In  coarse  sand  i 
rauch  as  a  third  of  the  volume  of  the  material  is  pore  space  for  tin 
absorption  and  transmission  of  water.     Even  under  these  favor^ 

able  conditions  the  movement  of  the  water  is  exceedingly  sloyt 

and  usually  less  than  a  fifth  of  a  mile  a  year. 

Within  the  hard  rocks  it  is  the  sandstones  which  have  the  largea 

pore    spaces,    but    in 

nearly  all  con-wlidated 

rocks  there  are  addi- 
tional    spaces     along 

certain  of  the  bedding 

planes,  the  joint  open- 
ings   (Fig.  190),  and 

the  crushed  zones  of 

displacement,  so  that 

these   parting    planes 

become   the    trunk 

channels,  so  to  speak,     *^°-  ISO.  — Sketch  mop  of  the  OucttnedeChabriirBi 
,      . ,  ,  ...  near  Cborges  in  tho  High  Alpa.  to  illufltral*  UiB  « 

of     the     circulating        ^io„^,f  limenona  along  two  ^ries  of  vertical  jola 

water.     It   is   along      <Bftec  Mart«i). 
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such  crevices  that  m  the  course  of  time  the  mineral  matter  carried 
in  solution  by  the  water  is  deposited  to  produce  the  ore  vdu 
and  the  associated  crystallized  minerals. 

The  caverns  of  limestones.  —  Where  limestone  formations  ha^ 
a  nearly  flat  upper  surface,  a  large  part  of  the  surface  water  enten 
the  rock  by  way  of  the  joint  spaces,  which  it  soon  widens  by  soltt- 
tion  into  broad  crevices  with  well-rounded  shoulders.  At  joint 
intersections  solution  of  the  limestone  is  so  favored  that  the  water 
may  here  descend  in  a  sort  of  vertical  shaft  until  it  meets  a  bedding 
plane  extending  laterally  and  offering  more  favorable  conditions 
for  corrosion.  Its  journey  now  begins  in  a  lateral  direction,  and 
solution  of  the  rock  continuing,  a  tunnel  may  be  etched  out  and 
extended  until  another  joint  is  encountered  which  is  favorable  to 
its  further  descent  into  the  formation.  By  this  process  on  alter- 
nating shafts  and  galleries  the  water  descends  to  near  the  surface 
of  the  water  table  by  a  series  of  steps,  and  is  eventually  discharged 
into  the  river  system  of  the  district  (Fig.  191).     Within  the  larger 

caverns  the  water  at  the  lowest  levd 
usually  flows  as  a  subterranean,  river 
to  emerge  later  into  the  light  from  be- 
neath a  rock  arch. 

Fig.  i9i.-Diagramto8howthe  ^rom  the  plan  of  a  system  of  con- 
relation  of  caverns  in  limestone  necting  cavems  it  may  often  be  ob- 
to  the  river  system  of  the  dis-   served  that  the  galleries  of  the  several 

trict     and    to   the    "swallow     ,        .  I'l  i.        .     i       i 

holes"  upon  the  surface.  ^^vels    are    alike    directed   along  two 

rectangular  directions  which  indicate 
the  master  joint  directions  within  the  limestone  formation.  This 
is  especially  clear  from  the  map  of  the  galleries  in  the  explored 
portions  of  the  Mammoth  Cave  (Fig.  192). 

Swallow  holes  and  limestone  sinks.  —  Above  the  cavems  of 
limestone  formations  there  are  selected  points  where  the  water 
has  descended  in  the  largest  volume,  and  here  funnel-shaped 
depressions  have  been  dissolved  out  from  the  surface  of  the  rocL 
In  different  districts  such  depressions  have  become  known  as 
"  sinks,"  "  swallow  holes,"  entonnoirs,  and  Orgeln.  Wherever  the 
depressions  have  a  characteristic  circular  outline,  there  can  be 
little  doubt  that  they  are  the  product  of  solution  by  the  descend- 
ing water,  and  have  relatively  small  connections  only  with  the 
subterranean  cavems.    They  have  thus  naturally  collected  upon 
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[r  bottoms  the  insoluble  clay  which  was  coQiaioed  in  the  impure 
^stone  as  well  as  a  certain  amount  of  slope  wash  from  the  sur- 


—  FImi  of  tt  portion  of  Mammoth  Cave,  EeDtucky  (after  B.  C.  Hovt^y). 

Inasmuch  as  the  daj-s  are  impervious  to  water,  the  bottoms 
e  swallow  holes  are  better  supplied  with  moisture  than  the 
bounding  rock  surfaces,  and 
nourishing  a  more  vigorous 
|nt  growth  are  strongly  im- 
Baed  upon  the  landscape 
k-  193). 

l!7ertain    of    the 
)ve    caverns    are,    however, 
I  regular  in  outline,  and  their 
*oma    are    occupied    by    a    "^o-  ibs— iVcca  aod  sUraba  gmwinB 

-  ..__     .  ,,,         .  luiuriaotly  upon  the  botloms  of  aioltB 
BS    of    limestone   rubble.       In          ^^^„   ^   lim™tooo   «.uotry    (atlcr  a 

1  fatttances.  at   least,  these         photograph  by  H.  T.  A.  de  L.  Hub), 
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depressions  appear  to  be  the  result  of  local  incaving  of  the  cavm 
roofs.  An  incaving  of  this  nature  may  close  up  an  earlier  galloy  in 
the  cavern  and  divert  the  cave  waters  to  a  new  course.  The  de- 
struction of  the  roofs  of  caverns  through  this  process  of  incaving  maj 
continue  until  only  relatively  small  renmants  are  left.  From  long 
subterranean  tunnels  the  caves  are  thus  transformed  into  subaerial 
rock  bridges  that  have  become  known  as  "  natural  bridges."  Tie 
best-known  American  example  is  the  Natural  Bridge  near  Lex- 
ington, Virginia.  Much  grander  natural  bridges  have  been  formed 
in  sandstone  by  a  totally  different  process,  and  must  not  be  con- 
fused with  these  limestone  remnants  of  caverns. 

The  sinter  deposits.  —  Just  as  water  can  dissolve  the  calcare- 
ous rocks  with  the  formation  of  caverns,  it  can  under  other  con- 
ditions deposit  the  material  which  has  thus  been  taken  into  solu- 
tion. Its  power  to  hold  carbonate  of  lime  in  solution  is  dep^dent 
upon  the  presence  of  carbonic  acid  gas  within  the  v^ater.  Water 
charged  with  gas  and  dissolved  lime  carbonate  is  said  to  be  "  hard,'' 
and  if  the  gas  be  driven  off  by  boiling  or  otherwise,  the  dissolved 
lime  is  thrown  out  of  solution  and  deposited  in  a  form  weU  known 
to  all  housekeepers. 

Hard  wat^r  flowing  in  a  surface  stream,  if  dashed  into  spray 
at  a  cascade,  may  deposit  its  lime  carbonate  in  an  ever  thickening 
veneer  wherever  the  spray  is  dashed  about  the  falls.  This  material, 
when  cut  in  section,  has  waving  parallel  layers  and  is  known  as 
travertine  or  calcareoits  sinter.  Some  of  the  most  remarkable  de- 
posits of  this  nature  may  be  seen  at  the  cascade  of  Tivoli  near 
Rome,  and  most  of  the  Roman  buildings  have  been  constructed 
from  travertine  that  has  been  quarried  in  the  vicinity. 

The  growth  of  stalactites.  —  Water,  after  percolating  slowly 
through  the  crevices  of  limestone,  where  it  becomes  charged  with 
the  carbonic  acid  gas  and  witK  dissolved  carbonate  of  lime,  may 
trickle  from  the  roof  of  a  cavern.  Emerging  from  the  narrow 
crevice,  it  may  give  off  some  of  it«  contained  gas  and  is  usually 
subject  to  evaporation,  with  the  result  that  the  lime  carbonate  is 
left  adhering  to  the  rock  surface  from  which  evaporation  took 
place.  If  the  water  collects  upon  the  cavern  roof  so  slowly  that 
it  can  entirely  evaporate  before  a  drop  can  form,  the  entire  content 
of  carbonate  will  be  left  adhering  to  the  roof.  Evaporation  is 
most  rapid  near  the  margins  and  over  the  center  of  each  drop  as  it 


THE  TRAVBl^  OF  THE  UNDERGROUND  WATER      185 

elops,  and  the  deposit  which  is  left  thus  takes  the  form  of  tiny 
te  rings  at  those  points  upon  the  crevice  where  there  is  the 
est  passage  for  the  trickling  water.  To  the  out€r  surface  of 
le  rings  water  will  first  adhere  and  then  evaporate,  as  it  will 
I  slowly  ooze  through  the  pasaage  in  the  ring,  but  here  without 
poration  until  it  reaches  the  lower  surface.  A  pendant  struc- 
i  will,  therefore,  develop,  growing  outward  in  all  directions  by 
deposition  of  concentric  layers  which  are  thickest  near  the  roof, 

downward  into  the  form  of  a  rock  "  icicle  "  through  evapora- 
I  of  the  water  which  collects  near  the  tip.  These  pendant 
er  formations  are  known  as  stalactites  and  are  thus  formed  of 
Bentric  layers  arranged  like  a  series  of  nested  cornucopias  with 
srforation  of  nearly  uniform  caliber  along  the  axis  of  the  struc- 
I  (Fig.  194). 

Drmatioii  of  stalagmites.  —  Wherever  the  water  percolates 
(Ugh  the  roof  of  the  cavern  so  rapidly  that  it  cannot  entirely 

|>orate  upon  the  roof,  a  portion  ^       _ . 

I  to  the  floor,  and,  spattering  as   -^«WT*r:^*^'^^^<^S^^--_ 
itrikes,    builds    up   a  relatively 
k  cone  of  sinter  known   as   a 
Igmite,   and   this   is  accurately 
lered  beneath  a  stalactite  upon 

roof.  In  proportion  as  the 
sm  is  high,  the  dropping  water 
idcly  dispersed  as  it  strikes  the 
r,  with  the  formation  of  a  corre-  f""-  iM.  — Diagranis  to  show  the 

■  ■      1      .1.'  1  J   1.1      111  roaunet  of  (ormQtian  of  at^Bctiti>a. 

jdmgly  thick  and  blunt  stalag-      ^j^^^,,.  ^j   .^^^^  ,„,„^„; 

!,       As   this  rises   by  growth    to-        beacatb  pBrallBl  rrevicea  upon  Ihe 

d  the  roof,  it  often  develops  '""f"  °(  ".votiib  (in  part  after  von 
a  its  summit  a  distinct  crater- 
depression  {Fig.  194,  lower  figure).  When  the  process  is 
;  continued,  stalactites  and  stalagmites  may  grow  together 
Form  columns  which  may  be  ranged  with  their  neighliora 
the  pipes  of  an  organ,  and  like  them  they  give  out  clear 
■8  when  struck  lightly  with  a  mallet.  At  other  times  the 
mns  are  joined  to  their  neighbors  to  form  hanpngs  and  dra- 
fs  of  the  most  fantastic  and  beautiful  design  (Fig.  195). 
1  remote  antiquity  limestone  caverns  afforded  a  refuge  to  many 
lies  of  predatory  birds  and  animals  as  well  as  to  our  earliest 
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ancestors.     The  bones  of  all  these  denizens  of  the  caves  lie  « 
tombed  within  the  clays  and  the  sinter  formations  upon  the  ci 
floors,  and  they  tell  tbe  story  of  a  fierce  and  long-continued  'ku-M 
fare  for  the  possession  of  these  natural  strongholds.     The  e^nileiin 
is  clear  that  these  cave  men  with  their  primitive  weapons  » 


Flo.  196.  —  sinter  formstioiu  in  the  Luray 


able  at  times  to  drive  away  the  cave  bears,  lions,  and  hyenas,  and 
to  set  up  in  the  cavern  their  simple  hearths,  only  in  their  turn  lo 
be  conquered  by  the  ferocity  of  their  enemies.  Home  o(  the  Euro- 
pean caves  have  yielded  many  wagonloads  of  the  skeletons  nf 
these  fierce  predatory  animals,  together  with  the  simple  weajioos 
of  the  primitive  man. 

The  Karst  and  its  features.  —  Most  so-called  limestones  have  a 
large  admixture  of  argillaceous  materials  (clays)  and  of  siliceous 
or  sandy  particles.  Such  impurities  make  up  the  bulk  of  the  clays 
and  muds  which  are  left  behind  when  the  soluble  portions  of  the 
limestone  have  lieen  dissolved. 

Swallow  holes  we  have  found  to  be  characteristic  features  within 
such  districts.     When  limestones  are  more  nearly  pure,  as  in  the 


^^ 


BE  TRAVELS  OF  THE  UNDERGROUND  WATER      187 

?pon  east  of  the  Adriatic  Sea,  similar  features  are  devel- 
it  upon  a  grander  scale,  and  certain  additional  forma  are 
ered.  In  place  of 
:  or  Hwallow  hole, 
3pears  the  "  karst 
'  or  doline,  a  deep, 
aped  depression 
a  Sat  bottom. 
innels  may  be  30 
I  feet  across   and 

0  300  feet  in  depth 
96).  Though  in 
'  two  instances 
to  be  the  result 

break  down  of 
roofs  (Fig.  197), 
i  the  swallow  holes 
Ler  regions  these 
unnels  appear  gen- 
to  be  the  work  of 

1  by  the  descending  waters.     Where  they  have  been  opened 
cial  cuttings  along  railroads  or  in  mines,  the  original  rock 

is  found  intact  at  the  bottom,  with 
small  crevices  only  going  <lown  to 
lower  levels.  Over  the  bottoms  of 
the  dolines  there  is  spread  a  layer 
of  fertile  red  clay,  the  teira  rosea, 
tike  that  which  is  obtained  as  a 
residue  when  a  fragment  of  the 
.  —  Cross  «eciion  of  the  do-  limestone  has  been  dissolved  in 
■med  by  iDhrcak  of  a  .iBvern  laljoratoFv  experiments. 
The  StaTB  Apncnka  doiioe  .   j        L  i  ^l      j      •       .■  i 

lathiMafter  Mart«l).  *  '1^"''  f""  *»>«  destruction  of 

forests.  —  Between  the  dolines  is 
i  veritable  desert,  with  jutting  limestone  angles  and  little 
vegetation.  The  water  which  falls  upon  the  surface  either 
f  quickly  or  goes  down  lo  the  subterranean  caverns  by  which 
h  of  the  country  is  undermined.  Hence  it  is  that  the  gar- 
■hich  furnish  the  sustenance  for  the  scattered  population 
included  within  the  narrow  limits  of  the  doline  bottoms. 


loliues  <>l  ihe  Karat  re- 
Divaci^ 
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Although  to-day  so  largely  a  barren  wa^tp,  we  know  that  the  Kad 
upon  the  Adriatic  was  in  remote  antiquity  a  heavily  forested  h 
gioD  and  that  it  supplied  the  myriads  of  wooden  piles  upon  nhM 
the  city  of  Venice  is  supported.  The  vessels  which  brought  M 
this  port  upon  the  Adriatic  its  ancient  prosperity  were  built  frM 
wood  brought  from  this  tract  of  modem  desert.  In  the  daj'sfl 
Venetian  grandeur  the  fertile  terra  rossa  formed  a  veneer  u^| 
the  rock  surface  of  the  Karst  and  so  retained  the  surface  ws^| 
for  the  support  of  the  luxuriant  forest  cover.  After  defore«ta^| 
this  veneer  of  rich  soil  was  washed  by  the  rains  into  the  doInH 
or  into  the  few  stream  courses  of  the  re^on,  thus  leaving  a  barrea 
tract  which  it  will  be  all  but  impossible  to  reclaim  (plate  6  A). 
\  ,  Upon  the  steeper  sli 


\}{ 


the  purer  limestond 
the  rain  water  runs  awi 
guided  by  the  joints  within" 
the  rock.     There  is  thus 
etched  out  a  more  or  1'-^ 
complete  network  ■ 
row   chamiels   ii'.i 
p.  181).  between \\l.; 
remnants 
blades  to  prodiili 
ture  often  simtll 
the  fissured  sui 
lacier  that  has  been  melted  in  the  sun's  rays  (Fig.  401). 
almost  impassable  areas  of  karst  country  are  descri])ed  as 
or  Karrenfelder  (Fig.  198). 

The  ponore  and  the  polje.  —  To-day  large  areas  of  the 
are  devoid  of  surface  streams,  nearly  all  the  surface  wat^r 
its  way  down  the  crevices  of  the  limestone  into  caverns,  and 
flowing  in  subterranean  courses.     The  foot  traveler  in  the 
country  is  sometimes  suddenly  arrested  to  6nd  a  precipice ; 
ing  at  his  feet,  and  looking  down  a  well-like  opening  to  the 
of  ft  hundred  feet  or  more,  he  may  see  at  the  bottom  a  large 
which  emerges  from  beneath  the  one  wall  to  disappear  l> 
the  other,     These  well-like  shafts  are  in  the  Austrian  Karst 
as  Ponorea,  while  to  the  southward  in  Greece  they  are 
KiUavothren. 
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lere  the  karst  river  may  emerge  from  its  subterranean 
I  a  broader  depressed  area  bounded  by  vertical  cliffs,  from 

later  disappears  beneath  the  limestone  wall.  Such  de- 
I  of  the  karst  are  known  as  poljen,  and  appear  in  most 

be  above  the  downthrown  blocks  in  the  intricate  fault 

<f  the  re^on.      Some  of  these  steeply  walled  inclosures 

area  of  several  hundred  square  miles,  anil  especially  at 

of  the  spring  snow  melting  they  are  flooded  with  water 

ransformed  into  seasonal  lakes  (Fig.  199  and  p.  422).     It 

that  at  such  times  the  cave 

of  the  region  with  their  local 

are  not  able  to  carry  off  all 

r  which  is  conducted  to  them ; 

onsequence  there  is  a  tempo- 

ounding  of  the  flood  waters  in 

>rtions  of    the  river's  course 

€  Open  to  the  sky  and  more 

.     The  rush  of  water  at  such 

ly  bring  the  red  clay  into  the 

lean    channels    in    sufficient    l^"*'  199'  — Thp  Zirkniu  neasonul 

to  clog  the  passages.  The  Uke^ithinapdieolth.,  Kar»t 
.    ,  ,,      ,         ,  ?  ,  (lifter  Berghaus). 

Lake  usually  has  high  water 

iree  times  a  year,  and  exceptionally  the  flooding  has  con- 
ir  a  number  of  years.  It  has  thus  in  some  districts  been 
f  to  afford  relief  to  the  population  through  the  construc- 
xpensive  drainage  tunnels. 

)nditions  which  are  typified  in  the  Karst  area  to  the  east 
[Iriatic  Sea  are  encountered  also  in  many  other  lands;  as, 
iple,  in  the  Vorarlberg  and  Swiss  Alps,  in  Lebanon,  and 

stum  of  the  water  to  the  surface. —  Water  which  has  de- 
from  the  surface  and  l>een  there  held  between  impervious 
lay  be  under  the  pressure  of  its  o\vn  weight  or  "  head  " ; 
later  find  its  way  upward,  it  may  be  to  the  surface  or 
vhere  a  perforation  is  discovered  in  its  otherwise  imper- 
ver.  Such  local  perforations  are  produced  naturally  by 
fracture  or  faulting  (widened  at  their  intersections), 
ficially  through  the  sinking  of  deep  wells.  The  water, 
ordinary  times  reaches  the  surface  upon  fissures,  is  usually 
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concentrated  locally  at  the  intersections  of  the  fracture  network, 
where  it  issues  in  lines  of  fissure  springs  (Fig.  200) ;  but  at  the  time 
of  earthquakes  the  water  may  rise  above  the  surface  in  lines  d 
fountains  (p.  83),  or  occasionally  as  sheets  of  water  which  may 
mount  some  tens  of  feet  into  the  air. 

In  contrast  to  the  flow  of  surface  springs,  which  varies  with  the 
season  through  wide  ranges  both  in  its  volume  and  in  temperatuie 

of  the  water,  the  volume  of 
fissure  springs  is  but  slightly 
affected  by  the  seasonal  pre- 
cipitation, and  the  water  tem- 
perature is  maintained  rda- 
tively  constant.  Rock  is  bat 
a  poor  heat  conductor,  and  the 
seasonal  temperature  change 
descend  a  few  feet  only  into  the 
ground.  Thus  water  which 
rises  from  depths  of  a  few  hun- 
dred feet  only  is  apt  to  be  icy 

Fig.  200.  —  Fissure  springs  arranged  upon     cold,  while  from  greater  depths 

lines  of  rock  fracture  at  mtersectionB,     the  efifcct  of  the  earth's  internal 

rompcraug  valley,  Connecticut.  . 

heat  IS  apparent  m  a  uniform 
but  relatively  higher  temperature  of  the  water.  Such  "  warm  " 
or  thermal  springs  are  apt  to  contain  considerable  mineral  matter 
in  solution,  both  because  the  water  is  far  traveled  and  because  its 
higher  temperature  has  considerably  increased  its  solvent  properties. 

It  has  long  l^cen  recognized  that  lines  of  junction  of  different 
rock  formations  at  the  base  of  mountain  ranges  are  localities  fa- 
vorable for  the  occurrence  of  thermal  springs.  These  junction 
lines  are  usually  within  zones  where  by  movement  upon  fractures 
the  widest  openings  in  the  rock  have  formed,  and  the  catchment 
area  of  the  neighboring  mountain  highland  has  supplied  head  for 
the  ground  water.  A  map  of  the  hot  springs  within  the  Great 
Basin  of  the  western  United  States  would  present  in  the  main  a 
map  of  its  principal  faults. 

Artesian  wells.  —  From  the  natural  fissure  spring  an  artesian 
well  differs  in  the  artificial  character  of  the  perforation  of  the  im- 
pervious cover  to  the  water  layer.  The  water  of  artesian  wells 
may  flow  out  at  the  surface  under  pressure,  or  it  may  require 


imping  to  raise  it  from  some  lower  level.  Ideal  conditions  are 
mished  where  the  geological  structure  of  the  district  is  that  of  a 
oad  basin  or  syncline.  The  water  which  falls  in  a  neighboring 
iland  is  here  impounded  Vietween  two  parallel,  saucer-like  wails 
d  will  flow  under  its  head  if  the  upper  wall  be  perforated  at 
oe  low  level  (Fig.  201,3). 


.  301.  —  SrhemBtir  dingrBmB  to  UlUBtrnte  the  difforcnt  typva  of  art<?8iati  w^lls. 
1)  A  DOn-flowing  well ;  (2)  flowine  wctU  without  haaiu  etrupture  Raused  by 
oggintc  of  the  pexviouB  formation :  (3)  fliiwioe  woUa  in  an  artcdaa  bann.  The 
»t(«I  Unes  are  the  water  levels  within  the  pervious  layers  (after  Chamberlin). 

i  moDoelinal  structure  may  furnish  artesian  conditions  when 
!  generally  pervious  layer  has  become  clogged  at  a  low  level  bo 
to  bold  back  the  water  (Fig.  248,  2).  Pumping  welb  may  be 
id  Buccesafully  even  when  such  clogging  does  not  exist,  for  the 
w-moving  underground  water  flows  readily  in  the  direction  of 
free  outlets  (Fig.  201,  1). 

Bot  springs  and  geysers.  —  Thermal  springs  whose  temperature 
^roaches  the  boiling  point  of  water  are  known  as  hot  springs. 
geyser  is  a  hot  spring  which  intermittently  ejects  a  column  of 
t«r  and  steam.  Both  hot  springs  and  geysers  are  to  he  found 
ly  in  volcanic  rc^ons,  and  appear  to  be  connected  with  uncooled 
Bses  of  siliceous  lava.  In  two  of  the  three  known  geyser  regions, 
iland  and  New  Zealand,  the  volcanoes  of  the  neighborhood  are 
II  active,  and  the  lavas  of  the  Yellowstone  National  Park  date 
m  the  quite  recent  geological  period  which  immediately  pre- 
led  the  so-called  "  Ice  Age." 
Wherever  found,  geysers  are  in  the  low  levels  along  lines  of  drain- 
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age  where  the  underground  water  would  most  naturaDy 
at  the  surface.    Their  water  has  penetrated  to  consideraUe 
below  the  surface,  but  has  been  chiefly  heated  by  ascencUng 
or  other  vapors.     The  water  journey  has  been  chiefly  made 
fi.ssures.  as  is  shown  by  the  cool  spring  which  often  issue 
them.    Though  some  hot  springs  and  geysers  may  disappear 
a  district,  others  are  found  to  be  forming,  and  there  is  no 
rea.'ron  to  think  that  geysers  are  rapidly  dying  out,  as  was 
one  time  supposed. 

The  action  of  a  ge^-ser  was  first  satisfactorily  explained  by  UaJ 
great  German  chemist  Bunsen  after  he  had  made  studies  of  the' 
Icelandic  geysers,  and  the  mechanics  of  the  eruption  was  latis 
strikingly  illustrated  in  the  laboratory-  by  an  artificial  ge^'ser  ooo- 
structed  by  the  Irish  physicist  T\iidall.  In  many  respects  this 
action  is  like  that  of  the  Strombolian  eruption  within  a  cinckr 
cone,  since  it  is  connected  with  the  viscosity  of  the  fluid  and  tbe 
resistance  which  this  opposes  to  the  liberation  of  the  devdopiiiK 
vapor.  In  tbe  case  of  the  ge^-ser,  a  colunm  of  heated  water  stands 
within  a  vertical  tube  and  is  heated  near  the  bottom  of  the  column. 
Though  the  water  may  at  its  surface  have  the  normal  boiling 
temperature  and  be  there  in  quiet  ebullition,  the  boiling  point 

for  all  lower  levels  is  raised  by  the 
weight  of  the  column  of  superin- 
cuml>ent  liquid,  and  so  for  a  time 
the  formation  of  steam  within  the 
mass  is  prevented.  In  Fig.  202 
is  shown  a  cross  section  of  the 
Icelandic  Gcy^r  from  which  our 
name  for  such  phenomena  has  been 
derived,  and  to  this  section  hsxe 
been  added  the  actual  observed 
Fig.  202. —Cross  section  of  Oeysir,   temperatures  of  the  watcr  at  the 

Iceland,    with    .'<imultanco!islv    ol)-     i-/r     ^    x  i        i  ii         a1 **.« 

, ;  . ,     „      1  1  \  ♦!     different  levels  as  well  as  the  tem- 

wrved  tcniperaturfs  rf.'cordcd  at  the 

hft,  and  the  Ixiiling tumpenitures for    poratUFOS    at     which     boiliug    Can 

thft  same  leveU  at  the  right   (after    take  plaCC  at  theSC  IcVcls.      FrOffl 

^'^'"'^*'^"^'  this  it  will  be  seen  that  at  a  depth 

of  45  feet  the  water  is  but  2°  Centigrade  below  its  boiling  point. 
A  slight  increase  of  temperature  at  this  level,  due  to  the  con- 
stantly ascending  steam,  will  not  only  carry  this  layer  above  the 
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boiling  point,  but  the  expansion  of  the  steam  within  the  mass  will 
elevate  the  upper  layers  ot  the  water  into  zones  where  the  boiling  : 
points  are  lower,  and  thus  bring  about  a  sudden  and  violent  ebul-  | 
lition  of  all  these  upper  portions.  Thus  is  explained  the  almost  I 
universal  observation  that  jast  before  gej'sera  erupt  the  hot  water  1 
rises  in  the  lx)wls  and  generally  overflows  them. 

The  water  ejected  from  the  geyser  is  considerably  cooled  in  tha  1 
air,  and  after  its  return  to  the  tube  must  be  again  heated  by  thej 
ascending  vapors  before  another  eruption  can 
occur.  The  measure  of  the  cooling,  the  time 
necessary  to  fill  the  tube,  and  the  supply  of 
rising  steam,  all  play  a  part  in  fixing  the  period 
which  separates  consecutive  eruptions.  If  tho 
top  of  the  tube  be  narrowed  from  its  average 
caliber,  as  is  commonly  observed  to  be  true  of 
the  geysers  within  the  YcUowstone  National 
Park,  the  escape  of  the  steam  is  further  hin- 
dered, and  frequent  geyser  eruption  promoted. 

An  artificial  geyser  for  demonstration  of  the 
phenomenon  in  the  lecture  room  is  representee 
in  Fig.  203.  The  cut  has  l)een  prepared  from 
a  photograph  of  an  apparatus  designed  by 
Professor  B.  W.  Snow  of  the  University  of 
Wisconsin.  In  this  design  the  tube  is  con- 
tracted 30  as  to  have  a  top  diameter  one  fourth 
only  of  what  it  is  at  the  bottom,  where  heat  ia 
directly  appUed  by  multiple  Bunsen  lamps. 
The  water  once  sufBciently  heated,  this  arti- 
ficial geyser  erupts  at  regular  inten-als  of  time 
which  are  dependent  upon  the  dimensions  of  Fw.  203.  —  Apparaiw  J 
the  apparatus  and  the  quantity  of  heat  applied.  '"'  "mulatiw  gey- 1 
'  1  "^  ai'liou  in  the  leo-  ^ 

In  case  of  natural  geysers  a  considerable  turc  room  (by  cour 
quantity  of  heat  escapes  between  eruptions  in  '™y  "'  Proteaaur  B. 
8t«ani  which  issues  quietly  from  the  lx)wl  of  '*'  ^°*"''- 
the  ge3'8er.  If  this  heat  be  retmned  by  plugging  the  mouth  I 
of  the  tube  with  a  barrowfu!  of  turf,  as  is  sometimes  donvfl 
with  the  geyser  StTokr  in  Iceland,  eruption  is  promoted  and  soi 
takes  place  earlier.  Another  method  of  securing  the  same  result  f 
is  to  increase  the  viscosity  of  the  water  through  the  addition  of 
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soap,  68  was  accidentally  discovered  by  a  Chinaman  who  was  uti- 
lizing the  geyser  water  in  the  Yellowstone  Park  for  laundry  open- 
tions.  After  this  discovery  it  became  a  common  custom  to 
"  soap  "  the  YeUowstone  geysers  in  order  to  make  tbem  |^ay; 
but  this  method  was  prohibited  under  heavy  penalty  after  the  dis- 
astrous eruption  of  the  Excelsior  Geyser. 

The  deposition  of  siliceous  sinter  by  plant  growtli.  —  Gej-m 
are  known  only  from  areas  of  siliceous  volcanic  lava,  and  this  miy 
perhaps  have  it«  cause  in  the  easier 
solution  of  the  geyser  tube  from 
such  materials.  The  silica  dis- 
solved in  the  heated  waten  a 
again  deposited  at  the  surface  to 
form  siliceous  girUer  or  geyterile. 
This  material  forms  terraces  sur- 
rounding the  geysers  or  is  built  up 
into  mounds  which  are  often  quite 
symmetrical,  such  as  those  of  the 
Bee  Hive  and  Lone  Star  gej-aera 
of  the  Yellowstone  Park  (I^lg.  2(M). 
The  greater  part  of  this  sepa- 
ration of  silica  from  the  heated 
geyser  waters  is  due  to  the  action 
of  plants  or  algse  that  are  able 
to  grow  in  the  boiling  waters  and  which  produce  the  beautiful 
colors  in  tlio  linings  to  the  hot  springs.  The  wonderful  variety 
of  the  tints  displayed  is  accounted  for  by  the  fact  that  the  alg« 
take  on  different  colors  at  different  temperatures.  The  silica 
is  deposited  from  the  water  in  the  gelatinous  hydrated  form,  which, 
however,  dries  in  the  sun  to  a  white  sand.  The  growth  within  the 
pools  goes  on  in  a  manner  similar  to  that  of  a  coral  reef,  the  alga 
dying  below  and  there  becoming  encased  in  the  rock  lining  while 
still  continuing  to  grow  upon  the  surface.  Whereas  sinter  of  this 
nature,  when  deposited  by  evaporation  alone,  can  produce  a  maxi- 
mum thickness  of  layer  of  a  twentieth  of  an  inch  eac-h  year,  the 
growth  from  alga  deposition  within  limited  areas  may  be  as  much 
as  eight  inches  during  the  same  period. 


Fill.  2(M.  —  Cone  of  tdliceouB  shiter 
built  up  about  the  mouth  of  the 
Lone  Star  Gcyaer  in  the  Ycllow- 
Btone  NBtional  Park. 
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RAINS 

e  Isw  of  the  desert.  —  It  is  well  to  keep  ever  in  mind  that 
I  is  no  universal  law  which  dominates  Natm-e's  processes  in 
le  sections  of  her  realm.  Those  changes  which,  because  often 
■ved,  are  most  familiar,  may  not  be  of  general  application, 
he  reason  that  the  areas  habitually  occupied  by  highly  civi- 

races  together  comprise  but  a  small  portion  of  the  earth's 
ce.  In  the  dank  tropical  jungle,  upon  the  vast  arid  sand 
s,  and  in  the  cold  white  spaces  near  the  poles,  Nature  has 
rUted  peculiar  and  widely  different  processes. 
le  fundamental  condition  of  the  desert  is  aridity,  and  this 
leitates  an  exclusion  from  it  of  all  save  the  exceptional  rain 
I.  Thus  deserts  are  walied  in  by  mountain  ranges  which 
■  as  harriers  to  intercept  the  moiatiire-bringing  clouds.  They 
,n  consequence  saucer-shaped  depressions,  often  with  short 
itain  ranges  rising  out  of  the  bottoms,  and  such  rain  as  falls 
o  the  inclosure  is  largely  upon  the  borders.     Of  this  rainfall 

flows  out  from  the  desert,  for  the  water  is  largely  returned 
le  atmosphere  through  evaporation. 

le  desert  history  is  thus  begun  in  isolation  from  the  sea  from 
b  the  cloud  moisture  is  derived,  a  balance  being  struck  l)e- 
n  inflow  and  evaporation.  Yet  if  deserts  have  no  outlets, 
not  true  that  they  have  no  rivers.  These  are  occasionally 
anent,  often  periodic,  but  generally  ephemeral  and  violent, 
characteristic  drainage  of  deserts  comes  as  the  immediate 
t  of  sudden  cloudburst.     As  a  consequence,  the  desert  stream 

from  the  mountain  wall  choked  with  sediment,  and  entering 
epressed  basin,  is  for  the  most  part  either  sucked  down  into  the 

or  evaporated  and  returned  to  the  atmosphere.  The  dis- 
d  material  which  was  carried  in  the  water  is  eventually  left 
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in  saline  deposits,  and  the  great  burden  of  sediment  accumulais 
in  thick  stratified  masses  which  in  magnitude  outstrip  the  htgd 
deltas  in  the  ocean. 

The  self-registering  gauge  of  past  climates.  —  From  the  isi- 
tiation  of  the  desert  in  its  isolation  from  the  lands  tributary  to  tk 
sea,  its  history  becomes  an  individual  and  independent  one.  Ai 
increasing  quantity  of  rainfall  will  be  marked  by  larger  inflow  to 
the  basin,  and  the  lakes  which  form  in  its  lowest  depression  v3, 
as  a  consequence,  rise  and  expand  over  larger  areas.  A  contniy 
climatic  change  will  bring  about  a  lowering  of  the  lakes  and  lean 
behind  the  marks  of  former  shorelines  above  the  water  level  (F5t 
205).  Deserts  are  thus  in  a  sense  self-registering  climatic  gaugs 
whose  records  go  back  far  beyond  the  historic  past.    From  then 


Fig.  205.  —  Former  shore  lines  on  the  mountain  wall  surrounding  t|>e  desert  of  the 
Great  Basin.     View  from  the  temple  in  Salt  Lake  City  (after  Gilbert). 

it  is  learned  that  there  have  been  alternating  periods  of  larger  and 
smaller  precipitation,  which  are  referred  to  as  pliLvial  and  ifdef' 
pluvial  periods. 

From  such  records  it  is  learned  that  the  Great  Basin  of  tbe 
western  United  States  was  at  one  time  occupied  by  two  great  desert 
lakes,  the  one  in  the  eastern  portion  being  known  as  Lake  Bonne- 
ville (Fig.  206).  With  the  desiccation  which  followed  upon  the 
series  of  pluvial  periods,  which  in  other  latitudes  resulted  in  great 
continental  glaciers  and  has  become  known  as  the  Glacial  Period, 
this  former  desert  lake  dried  up  to  the  limits  of  Great  Salt  Lake  and 
a  few  smaller  isolated  basins.  Between  1850  and  1869  the  waters 
of  Great  Salt  Lake  were  rising,  while  from  1876  to  1890  their  level 
was  falling,  though  subject  to  periodic  fluctuations,  and  in  recent 
years  the  waters  of  the  lake  have  risen  so  high  as  to  pass  all  records 
since  the  occupation  of  the  country.  As  a  consequence  the  so- 
called  Salt  Lake  "cut-off"  of  the  Union  Pacific  Railway, con- 
structed at  great  expense  across  a  shallow  portion  of  the  lake,  has 
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f 

^SSowed  by  its  waters.  The  Sawa  Lake  in  the  Persian 
.,  which  disappeared  some  five  hundred  years  ago,  again 
uto  existence  in  1888  so  as  to  cover  the  caravan  route  to 


ju- 
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record  in  the  rocks  of  the  distant  past  reveals  the  fact  that 
le  former  deserts  barriers  were,  in  the  course  of  time,  broken 
with  the  result  that  an  invading 
tered  through  the  breached  wail. 
BSult  was  the  sudden  destruction 
d  life,  the  retoains  of  which  are 
ved  in  "  bone  beds,"  now  covered 
le  marine  deposits.  A  still  later 
e  of  the  history  was  begun  when 
a  had  disappeared  and  land  ani- 
ag^n  roamed  above  the  earlier 
.  Such  an  alternation  of  marine 
ts  with  the  remains  of  land  plants 
limals  in  the  deposits  of  the  Paris 

led  the  great  Cuvier  to  his  belief 
leologic  history  was  comprised  of 
ession  of  cataclysms  in  which  life 
temately  destroyed  and  re-created 
'forms  —  aview which  later,  under 
owerful  influence  of  Lyell  and 
in,  gave  way  to  that  of  more 
al  changes  and  the  evolution  of  fio.  200. 
rms. 

se  characteristics  of  the  desert 
s.  ~  The  great  stretches  of  the 
inds  have  been  often  compared  to 
Bean,  and  the  Bedouin's  camel  is 
a  as  "  the  ship  of  the  desert,"  Though  a  deceptive  resem- 
i  for  the  most  part,  the  comparison  is  not  without  its  value, 
are  closed  basins,  and  it  is  in  this  respect  that  the  desert  and 
eean  may  be  said  to  most  resemble  each  other,  for  none  ol 
'ater  and  none  of  the  sediment  is  lost  to  either  except  as 
lanes  are,  with  the  progress  of  time,  transposed  or  destroyed. 
ESS  of  surface  and  monotony  of  scenery  both  have  in  common, 
he  waters  and  the  sand  ore  in  each  case  salt ;  yet  the  ocean, 


.•^'\ 


Map  of  the  forraer 
Lake  Bon  Devi  lie  (dotted 
shores),  aod  the  boiindurice 
of  the  On^Bt  Soil  Laki 
1869  (amalter  area)  and  thut 
of   the   present    (aFt«r  Berg- 
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from  the  tropics  to  the  poles,  has  the  same  salts  m  essentially  the 
same  proportions,  while  in  the  desert  the  widest  variations  are 
found  both  in  the  salts  which  are  present  and  in  their  relative 
quantities. 

Upon  the  borders  of  the  ocean  are  found  ridges  of  yellow  saod 
heaped  up  by  the  wind,  but  these  ramparts  are  small  in  comparison 
to  those  which  in  deserts  are  found  upon  the  borders  (plate  7  A). 

The  desert  is  a  land  of  geographic  paradoxes.  As  Walth^  hai 
pointed  out,  we  have  rain  in  the  desert  which  does  not  wet,  sprinp 
which  yield  no  brooks,  rivers  without  mouths,  forests  preserved 
in  stone,  lakes  without  outlets,  valleys  without  streams,  lake  basins 
without  lakes,  depressions  below  the  level  of  the  sea  yet  bairen 
of  water,  intense  weathering  with  no  mantle  of  disintegrated  rockf 
a  decomposition  of  the  rocks  from  within  instead  of  from  withouti 
and  valleys  which  branch  sometimes  upstream  and  sometimes 
down. 

Within  the  deserts  curious  mushroom-like  remnants  of  erosioii 
afford  a  local  relief  from  the  searching  rays  of  the  desert  sun. 
Pocket-like  openings  large  enough  for  a  hermit's  habitation  are 
hollowed  out  by  the  wind  from  the  disintegrated  rock  masses. 
Amphitheaters  open  out  from  little  erosion  valleys  or  wadi,  and 
isolated  outliers  of  the  mountains  stand  like  sentinels  before  their 
massive  fronts. 

Because  of  the  general  absence  of  clouds  above  a  desert,  no 
shield  such  as  is  common  in  humid  regions  is  provided  against  the 
blinding  intensity  of  the  sun's  rays.  Sun  temperatures  as  hi^ 
as  180°  Falirenhcit  have  been  registered  over  the  deserts  of 
western  Africa.  Every  one  is  familiar  with  the  fact  that  a 
blanket  of  thick  clouds  is  a  prevention  of  frosts  at  night,  for,  with 
the  setting  of  the  sun  and  the  consequent  radiation  of  heat  from 
the  earth,  these  rays  are  intercepted  by  the  clouds,  returned  and 
re-rcturned  in  many  successive  exchanges.  Over  desert  re^ons 
the  absence  of  any  such  blanket  of  moisture  is  responsible  for  the 
remarkable  falls  of  temperature  at  sunset.  Though  shortly  before 
temperatures  of  100°  Fahrenheit  or  greater  may  have  been 
measured,  it  is  not  uncommon  for  water  to  freeze  during  the 
following  night.  Much  the  same  conditions  of  sudden  tempera- 
ture change  with  nightfall  are  experienced  in  high  mountains  when 
one  has  ascended  above  the  blanketing  clouds. 
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Dry  weathering  —  the   red   and   brown   desert   vamish.  —  In 

resert  lands  the  fierce  rays  of  the  sun  suck  up  all  the  available 
loisture,  and  the  water  table  may  be  hundreds  of  feet  below  the 
urface.     Roots  of  trees  a  hundred  feet  or  more  in  length  have 

found  to  testify  to  the 
erce  struggle  of  the  desert 
lant  with  the  arid  conditions. 

humid  regions  the  meteoric 
rater  dissolves  the  more 
ihible  sodium  salts  near  the 
irface  of  the  rock  and  carries 
lem  out  to  the  ocean,  where  _"**«—-■ 

ley  add  to  the  saltness  of  the  Fio-  207.— Bonut  depoaiw  upon  the  floor 
B.    In   the  desert   the  rare      f  D-^athv^lcy  California  (after  a  pho- 

.    .  tograpb  by  t  airbsinks) , 

ecipitations  prevent  an  out- 

)w,  but  the  sun's  strong  rays  suck  out  with  the  moisture  the 
iltfl  from  within  the  rock,  and  evaporating  upon  the  surface,  the 
Its  are  left  as  a  coat  of  "  alkali,"  which  is  in  part  carried  away  on 
le  wind  and  in  part  washed  off  in  one  of  the  rare  cloudbursts. 

either  case  these  constituents  find  their  way  to  the  lowest  de- 
pressions of  the  basin, 


they  contribute 
to  the  saline  deposits 
of  the  desert  lakes  (Fig. 
207). 

Certain  of  the  saline 

constituents    of    the 

rocks,  as  they  are  thua 

drawn  out  by  the  sun's 

,,,.    rays,  fuse  with  the  rock 

.rffir*  ''  \    at  the  surface  to  form  a 

dense  brown  substance 

with     smooth     surface 

coat,  known   as   desert 

iiak.     Within  the  interior  a  portion  of   the  salts   crystalliJie 

rithin  the  capillary  fissures,  and  like  water  freezing  within  a  pipe, 

Ley   rend   the   walls   apart.     As   a  direct   consequence   of  this 

tegrating  process  the  interior  of   rock  masses  may  crumble 

BUid;    and  if  the  hard  shell  of  varnish  l>e  broken  at  any 
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ilirougb  the  daily  round  of  wide  temperature  range.  This  outerl 
iliell  when  heated  is  expanded,  and  so  tends  to  peel  off,  ( 
'«liate,  like  the  outer  skin  of  an  onion,  The  process  is  therefore  J 
leecribed  as  exfoliation.  In  all  rocks  uf  homogeneous  texture  the  I 
ontinued  action  of  this  process  results  in  convexly  spherical  sur-  I 
ices,  the  material  scaled  off  in  the  process  remaining  as  a  slope  I 
r  talus  which  surrounds  the  projecting  knob  (Fig.  210).     Naked,  i 


these  projecting  domes  rise  above  the  rim  of  debris  at  their  bases. 
Not  a  particle  of  dust  adheres  to  the  fresh  rock  surface  — 
dirt  interferes  with  its  glaring  whiteness.  Yet  close  at  hand  lie  1 
ea  of  debris  into  which  wells  may  be  carried  to  depths  of  \ 
more  than  six  hundred  feet  without  encountering  either  solid  I 
rock  or  ground  water.  The  bare  walls  of  granite  sometimes  mount  I 
upwards  for  thousands  of  feet  into  the  air,  as  steep  and  as  inac-  I 
veasible  as  the  squared  towers  of  the  Tyrolean  Dolomites. 

Rock  is  such  a  poor  conductor  of  heat  that  special  strains  are  I 
Wt  Up  at  the  margin  of  sunlight  and  shade.  This  localization  of  I 
the  disintegration  on  the  margin  of  the  shaded  portions  of  rock  I 
masses  is  known  as  shadow  weathering  (.see  Fig.  215,  p.  206). 

There  is,  however,  still  another  mechanical  disintegrating  I 
lirocess  characteristic  of  the  desert  regions,  which  is  likewise  | 
dependent   upon   the   sudden   changes   of   temperature.     Kains,  j 


B304 


EARTH  FEATURES  AND  THEIR  MEAXIKO 


I  though  tbey  may  not  occur  for  a  year  or  more,  come  a 
I  downpours  of  great  volume  and  violence.     Rock  mass 
lare  highly  heated  beneath  the  desert  sun,  if  suddenly  ( 
I  vitb  water,  may  be  rent  apart  by  the  differential  strains  » 
|>near  the  surface.     That  rocks  may  be  easily  rent  as  a  n 
F  sudden  chilling  is  well  known  to  our  Northern  farmers,  whl 
accustomed  to  rid  themselves  of  objectionable  bowlders  bw 
building  a  fire  alwut  them  and  then  dashing  water  uponl 
surface.     Thus   split   into   fragments,  even  the   larger  1 
[  may  be  handled  and  so  removed  from  the  farming  land,  j 
[  natural  process  of  rock  rending  by  the  occasional  cloudbur 
rbe  described  as  diffission.     Blocks  as  much  as  twenty-five  ft| 


Fio  211  — Granite  Works  in  the  'sierra  de 
loa  Dolores  of  Teiaa.  rtnt  into  several 
fragmeiita  b>  the  dash  of  raiD  [after 
V>  alther). 


mated.     While  most  of  its  work  is  a 

tools,  it  has  been  proven  that  even  without  this  help,  considerahllj 
work  is  done  through  the  friction  of  the  wind  alone,  particuli 
when  movTDg  as  powerful  eddies  in  cracks  and  crannies, 
^wear  of  the  wind,  unaided  by  cutting  tools,  is  known  as  <fc,^ii(«a.| 
The  greater  work  of  the  wind  is.  however,  accomplished  with! 
the  aid  of  lai^r  or  smaller  rock  particles,  the  sand  and  d 
with  which  it  is  so  generally  charged  above  the  deserts.  VteM 
protected  by  any  mat  of  vegetation  the  materials  of  the  de«Al 
surface  are  easily  lifted  and  are  constantly  migrating  with  iMj 
wind.  The  finest  dust  is  raised  high  into  the  air,  and  is  caTTlN. 
beyond  the  marginal  barriers,  but  none  of  the  sand  or  coonM" 
materials  ever  passes  beyond  the  borders. 

The  efficiency  of  this  sand  as  a  cutting  tool  when  carried  by  ti 
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directly  proportioned  to  the  size  of  the  graJn,  since  with 
ragments  a  heavier  blow  is  struck  when  carried  at  any 
ilocity.  These  more  effective  grains  are,  however,  not  lifted 
™  the  ground,  but  advance  with  a  squirming  or  hopping 
much  as  do  the  larger  pebbles  upon  the  bottom  of  a  river 
time  of  a  spring  freshet.  To  quote  Professor  Walther: 
ver  has  had  the  oppor- 
Xi  travel  over  a  surface 
Band  when  a  strong  wind 
ng  has  found  it  easy  to 
B  himself  of  the  grinding 
of  the  wind.  At  suuh 
le  ground  becomes  alive, 
lere  the  sand  is  creeping  Fic..2]2.-"Muiihroom  rock-  from  a 
:  surface  with  snake-hke  desert  in  Wyoii)itig(iLft«iFurbsiiks). 
igs,  and  the  eye  quickly 

these  writhing  movements  of  the  currents  of  sand  and 
long  endure  the  scene," 

ect  consequence  of  this  restriction  of  the  more  effective 
tools  to  the  layer  of  air  just  above  the  ground,  is  the 
tendency  to  cut  away  all  projecting  masses  near  their 
The  "  mushroom  rocks,"  which  are  so  characteristic  of 
andscapes,  have  been  shaped  in  this  manner  (Fig.  212). 
Another  product  of  the  desert 
sand  blast  is  the  so-called  Wind- 
kanie  (wind-edge)  or  Drdkanie 
(three-edge),  a  pebble  which  is 
usually  shaped  in  the'  form  of 
a  pyramid  (Fig.  21.3). 

Whenever  a  rock  face,  open 
to  direct  attack  by  the  drifting 
—  Windkantea  shaped  by  tho  Sand,  18  Constituted  of  parts 
luid  urn  (after  Chamberlin  <u>d  ^jjich  have  different  hardness, 
'  '  the  blast  of  sand  pecks  away 

ofter  places  and  leaves  the  harder  ones  in  relief.  Thus  is 
id  the  well-known  "  stone  lattice  "  of  the  desert  (Fig.  214). 
larly  upon  the  neck  of  the  great  Sphinx  have  the  6ying 
rains,  by  removing  the  softer  layers,  brought  the  sedi- 
f  structures  of  the  sandstone  into  strong  relief. 
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!14.  — The  "rtono  lattice" 
[  desert,  the  work  of  the  D 
t  blast  (after  Wa1tb«r). 


'  When  guided  both  by  planes  of  sedimentation  and  planesof  j( 
ing,  forms  of  a  very  high  degree  of  ornamentation  are  developed. 
Some  of  the  moat  remarkable  forms  are  due  to  the  protection  af- 
forded to  the  sun-exposed  surfaces  by  the  shell  of  desert  varnish. 
In  the  shaded  portions  of  projecting  masses  there  is  no  such  pt»- 
tection,  and  here  the  sand  blast  insinuates  itself  into  every  crsci 
and  cranny.  In  this  it  is  aided 
by  shadow  weathering  due  W 
the  dilTerential  strains  set  apH 
the  border  of  the  expanded  sun- 
heated  surface.  As  a  rewlt, 
projecting  rock  masses  are  same- 
times  etched  away  beneath  and 
give  the  effect  of  a  squalling 
animal.  These  forms,  due  to 
•  ot  the  shadow  erosion,  have  also  beoi 
J  Bund  likened  to  projecting  fauceU. 
(Fig.  215). 
Worn  by  its  impact  upon  neighboring  sand  grains  whi|$  in  traw- 
port,  but  much  more  as  it  is  thrown  against  the  ground  or  hard 
rock  surfaces,  the  wind-driven  or  eolian  aand  is  at  last  worn  into 
smoothly  rounded  granules  which  approach  the  form  of  a  sphere. 
Compared  to  the  sur- 
face which  sea  sand 
acquires  by  attrition, 
this  shaping  process  is 
much  the  more  effi- 
cient, since  in  the 
water  the  beach  sand 
is  buoyed  up  and  is 
more  effectively  cush- 
ioned against  its  neigh- 
boring grains.  The 
grains  of  beach  sand 
when  examined  under 
a  microscope  arc  found  to  be  much  more  irregidar  in  form  and 
usually  displiiy  the  original  fracture  surfaces  only  in  part  abradtJ. 
The  dust  carried  out  of  the  desert.  —  When,  standing  upon  the 
mountain  wall  tliat  surrounds  a  desert,  the  traveler  gazes  out  to 


FiQ.  215.  —  Projecting  rock  oftrvin]  by  the  drHtira 
iund  into  the  fomi  of  a  couchaDt  Bnimal  m  ■  n^ 
of  Bhudow  neatherinit  and  emsion.  Cut  iu  cnu^** 
on  the  uorth  Indiau  Desert  (afl«r  Woltber). 
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irindward  over  the  great  depresaion,  his  field  of  view  is  generally 
obaciired  by  the  yellow  haze  of  the  dust  clouds  moving  across 
the  mai^na.    Upon  the  mouutua  , 

flanks  and  extending  far  outside 
the  borders,  this  cloud  of  dust 
aettles  as  a  shrouding  mantle  of 
impalpable  yellow  powder,  which 
k  known  as  loea.  These  deposits 
are  continually  deepening,  and 
have  sometimes  acciunulated  until 
they  are  hundreds  or  even  thou- 
Bands  of  feet  in  thickness.  Before 
leaching  its  final  resting  place  the 
dust  of  this  deposit  may  have 
settled  many  times,  and  has  cer-  '  '^,^'^:'"'  ■ 

tunly  been  in  part  redistributed  p,o.  216.— Cliff,  u  loese  200  reet  in 
by  the  streams  near  the  desert  height  which  exhibit  the  ohwuoterit 
Biargin.  In  it  are  the  ingredients  "■;  ""^'^'^  J"^"'^  <'^t"  '""^  S*-^**- 
vbicb  are  necessary  for  the  nour- 
ishment of  plants,  and  it  constitutes  the  most  important  of  natural 
soils.  Continually  fed  by  new  deposits  from 
the  desert,  and  refertilized  from  below  by  a 
natural  process  so  soon  as  the  upper  layers 
become  impoverished,  it  requires  no  artificial 
fertilization.  Without  artificial  aids  the  loess 
of  northern  China  haa  been  tilled  for  thousands 
of  years  without  any  signs  of  exhaustion. 

Though  easily  pulverized  between  the  fingers, 
loess  is  none  the  less  characterized  by  a  perfect 
vertical  jointing  anfl  stands  on  vertical  faces 
as  does  the  solid  rock  (Fig.  216),  but  it  is  ab- 
solutely devoid  of  layers  or  bedding.  Its  ca- 
pacity of  standing  in  vertical  cliffs  the  loess  owes 
to  a  never  failing  content  of  lime  carbonate 
which  acts  as  a  cement,  and  to  a  peculiar  porous 
structure  caused  by  capillary  canals  that  run 
vertically  through  the  mass,  branching  like 
rootlets  and  lined  with  carbonate  of  lime.  This  texture  once 
destroyed,  loess  resolves  itself  into  a  common  sticky  clay. 


Flo.  217.  — Aoailori 

traffic  and  wiod.  A 
Iiiebway  in  oortb- 
ern  China  (after 
voD  Richtofen). 
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By  the  feet  of  passing  animals  or  by  wheels  of  vehicles,  the  loess 
ii^  crushed,  and  a  portion  is  lifted  and  carried  away  by  the  wind. 
Thus  in  the  course  of  time  roadways  sink  deep  into  the  mass  as 
steep-walled  cafions  (Fig.  217).  A  portion  of  the  now  structure- 
less clay  remaining  upon  the  roadway  is  at  the  time  of  the  rains 
transformed  into  a  thick  mud  which  makes  traveling  all  but 
impossible,  though  before  its  structure  has  been  destroyed  the 
loess  is  perfectly  drained  to  the  bottom  of  its  deposits. 

The  particles  which  compose  the  loess  are  sharply  angular 
quartz  fragments,  so  fine  that  all  but  a  few  grains  can  be  rubbed 
into  the  pores  of  the  skin.  Fine  scales  of  mica,  such  as  are  easily 
lifted  by  the  wind,  are  disseminated  uniformly  throughout  the 
ma^s.  The  only  inclosures  which  are  arranged  in  layers  consist 
of  irregularly  shaped  concretions  of  clay.  These  show  a  striking 
resemblance  to  ginger  roots  and  are  called  by  the  Chinese  "stone 
ginger,"  though  they  are  elsewhere  more  generally  known  bj 
their  German  name  of  Loessmdnnchen,  or  loess  dolls.  These 
concretions  are  so  disposed  in  the  loess  that  their  longer  axes  are 
vertical,  and  they  were  evidently  separated  from  the  mass  and 
not  deposited  with  it. 


CHAPTER  XVI 
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B  wandering  dunes.  —  Over  the  broad  expanse  of  the  desert, 
and  dust,  and  occasionally  gypsiun  from  the  aaUne  deposits, 
vet  migrating  with  the  wind ;  on  quiet  days  in  the  eddying 
d  devils,"  but  e3pecial!y  during  the  terrifying  sand  storms 
as  in  the  windy  season  darken  the  air  of  northern  China  and 
cm  Mant'huria.  This  drift  of  the  sand  is  halted  only  when 
Mtruction  \a  encountered  —  a  projecting  rock,  a  bush,  or  a 
i  of  grass,  or  again  the  bui 
ler  in  which  the  sand  is  ar- 
i  by  obstacles  of  different 
I  is  of  great  interest  and  im- 
Jice,  and  is  utilized  in  raising 
aes  against  its  encroachments. 
e  obstacle  is  unyielding  but 
e  some  of  the  wind  to  pass 
igh  it,  no  eddies  are  produced 
'Me  sand  is  deposited  both  to 
vard  and  to  leeward  of  the 
uction  to  form  a  fairly  sym- 
cal  mound  {Fig,  218  a).  An 
action  which  yields  to  the 
causes  the  sand  to  deposit 
mound  which  is  largely  to 
rd  of  the  obstruction  (Fig. 
].  A  solid  wall,  on  the  other 
.  by  inducing  eddies,  ia  at 
protected  from  the  sand  and  mounds  deposit  both  to  wind- 
and  to  leeward  (Fig.  218  c  and  Fig.  219). 
;ept  when  held  up  by  an  obstruction,  the  drifting  sand  travels 
ward  in  slowly  migrating  mounds  or  ridges  which  are  known 
nes.    Their  motion  is  due  to  the  wind  lifting  the  sand  from 


Fit).  21S.  —  Diagranu  toitluEtrate  the 

eEFocts  of  obatructioDa  of  differeot 
types  in  arresting  wind-drivGn  Band. 

a.  An  uDyieldiDg  obstruction  which 
permitB  the  wind  to  pnas  through  it ; 

b.  a  flexible  and  perforated  obstruc- 
tioD  ;  c,  an  uoyieldioB  closed  barrier 
(after  Scbulie). 
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the  windward  side  and  carrying  it  over  the  crest,  from  whoffl 
slides  down  the  leeward  slope  and  assumes  a  surface  which  is  ^ 
the  angle  of  repose  of  the  material.     In  contrast  with  this  the  ] 
windward    slope   i 
notably  graduaJ.  be- 
ing shape<l    in  ( 
formity  to  the  i 
currents. 

The   duR(»  1 
are  raised  u 
shores,  like 
the  desert,  a«i 
stantly 

those  upon  thei 
of  the  North 
the  average 

about  twenty  feet  per  year.  Relentlessly  they  advance,  and 
spite  all  attempts  to  halt  them,  have  many  times  overwhelmrf 
the  villages  along  the  coast.  Upon  the  great  barrier  beach  known 
as  the  Kurische  Nekrung,  on  the  southeastern  shore  of  the  Baltic 
Sea,  such  a  burial  of  villages  iiaa  more  than  once  occurred,  but 
as  in  the  course  of  time  further  migration  of  the  dune  has  pro- 
ceeded, the  ruins  of  the  buried  villages  have  been  exhumed  by 
this  natural  excavating  process  (Fig.  220). 


Fio.  219.  ~  Sand  aceumulatiug  both  to  windward  s 
to  ieeward  of  a  firm  and  impenetrable  obstnirtiou. 
The  wind  cornea  from  the  left  (after  a  photo^'aph 
by  Baatin). 


f^.  220.  —  SucosHHiTe  diagrams  to  Hbow  how  the  town  of  Kuum 
BUbsequeolly  eihuincd  iii  the  contiuued  misTation  of  a  erCBt  ihUM 

Kuriarhp  Nehning  <i4flcr  Behrcndt). 

The  forms  of  dunes.  —  The  forms  assumed  by  dunes  i 
I>endent  to  a  very  lai^e  extent  upon  the  strength  of  the  wiail 
and  the   available   supply  of   sand.     With   small   quiintities  of 


PUBLIC  UBPAR'. 


ffHE  FEATURES  IN  DESERT  LANDSCAPES 


I  with  moderate  winds,  sickle-shaped  dunes  known  as 
ans  {Fig.  221)  are  formed,  whose  convex  and  flatter  slopes 
jward  the  wind  and  whose  steep  concave  leeward  slopes  are 


of  desert  b«rchstia  (after  Haug). 


i  at  the  angle  of  repose.  The  barchan  is  shaped  hy  the 
going  both  over  and  around  the  dune,  constantly  removing 
from  the  windward  side  and  depositing  it  to  leewaril.     With 

r  supplies  of  sand  and  winds  which  are  not  too  violent    a 

i  of  barchans  is  built  up,  and  these  are  arranged  transversely 

e  wind  direction  (Fig.  222  b).     If  the  winds  are  more  violent, 

minor  depressions  in  the  crests  of  the  dunes  become  wind 

nels,  and  the  sand  is  then  trailed  out  along  them  imtil  the 

igement  of  the  ridges  is  parallel  to  the  wind  (Fig.  222  c). 

surfaces  of  dunes  are 

rally  marked  by  beau- 
ripples  in  the  sand, 

h,  seen  from  a  bttle 

nee,  may  give  the  ap- 

ince  of  watered  silk 

c7A). 

ider     normal     condi- 
dunes  are  not  sta- 

ry    but    continue  to 

ler  with  the  pre  vail - 

inds  until  they  have 

led  the  outer  edge  of 

acne    of    vegetation 

the  base  of  the  foot- 

at  the  margin  of  the  desert.     Here  the  grasses  and  other 

t  plants  arre.'it  the  first  sand  grains  that  reach  them,  and 

continue  to  grow  higher  as  the  sands  accumulate.    Some  of 


■v 


>/ 


¥ia,  22S.  ^  Diagrams  to  show  the  relationsMpB 
in  form  and  in  orienlation  of  duiicH  to  tbe  sup- 
ply of  annd  uud  to  the  Htrcngth  of  the  wind. 
□,  barchnna  formed  by  small  supplies  nf  sand 
luid  modernle  winds ;  b,  transverBe  dune  ridges, 
formed  when  supply  of  sand  is  lurge  nnd  windfl 
are  moderate;  c,  dune  ridges  formed  with  large 
snud  supply  and  violent  winds  (nftpr  Walther 
and  Corbish). 
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the  desert  plants,  like  the  yuccas,  have  so  adapted  themselves  tj> 
desert  conditions  that  they  may  grow  upward  with  the  saod  for 
many  feet  and  so  keep  their  crowns  above  its  surface. 

The  cloudburst  in  the  desert.  —  Such  clouds  as  enter  ths 
desert  through  its  moimtaiu  ramparts,  and  those  derived  from 
evaporation  from  the  hot  desert  soil,  usually  precipitate  thor 
moisture  before  passing  out  of  the  basin.  Above  the  bighlj 
heated  floor  the  heavy  rain  clouds  are  unable  to  drop  their  biii- 
(len.  The  rain  can  sometimes  be  seen  descending,  but  long 
before  it  has  reached  the  ground  it  has  again  passed  into  vnpor. 


and  through  repetition  of  this  process  the  clouds  become  so  cbs^ 
with  moisture  that  when  they  encounter  a  mountain  wall  and 
are  thus  forced  to  rise,  there  is  a  sudden  downpour  not  equaled 
in  the  humid  regions.  Desert  rains  are  rare,  but  violent  beyond 
comparison.  Often  for  a  year  or  more  there  is  no  rainfall  upon 
the  loose  sand  or  porous  clay,  and  the  few  plants  which  surviw 
must  push  their  roots  deep  down  until  they  have  reached  the 
zone  of  ground  water.  When  the  clouds  burst,  each  small  caAoD 
or  wed  (pi.  wadi)  within  the  mountain  wall  is  quickly  occupied 
by  a  swollen  current  which  carries  a  thick  paste  of  sediment  and 
drowns  everything  before  it.  Ere  it  has  flowed  a  mile,  it  may 
be  that  the  water  has  disappeared  entirely,  leaving  a  layer  of  mud 
and  sand  which  rapidly  dries  out  with  the  reappearance  of  the  sun. 
As  the  mountains  upon  seacoasts  are  generally  rising  with 
reference  to  the  neighboring  sea  bottom,  so  the  mountains  wluch 
hem  in  the  deserts  are  generally  growing  upward  with  reference 
to  the  inclosed  desert  floor.  The  marginal  dislocations  whidi 
separate  the  two  are  often  in  evidence  at  the  foot  of  the  slMp 
slope  (Fig.  223),  and  these  may  even  appear  as  viable  earth- 
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[Uake  faults  to  indicate  that  the  uplift  is  more  accelerated  than 
he  deposition  along  the  mountain  front. 

The  zone  of  the  dwindling  river.  —  The  rapid  uplift  so  generally 
sharacteriatic  of  desert  margins  gives  to  the  torrential  streams 

hich  develop  after  each  cloud- 
Jurst  such  an  unusual  velocity 
ihat  when  they  emerge  from  the 

lountain  valleys  on  to  the  desert 
!oor,  the  current  is  suddenly 
ihecked  and  the  burden  of  scdi- 
nent  in  large  part  deposited  at     Fia.  224. 

le  mouth  of  the  valley  so  as  to 
orm  a  coarse  delta  deposit  which 
described  as  a  dry  delta  (Fig.  224).     Dependent  upon  its  steep- 

•ss  of  elope,  this  delta  is  variously  referred  to  as  an  allimalfan 

apron,  or  as  an  alltaiial  cone.     Over  the  conical  slopes  of  the 

lelta  surface  the  stream  is  broken  up  into  numerous  i^stributaries 

hich  di\'ide  and  subdivide  bs  do  the  roots  of  a  tree.     In  the 
lAobammedan  countries  described  as  loadi,   these   distributaries 


Dry  delta  or  alluvial  fan  at 
the  toot  of  a  mountoia  nagfi  upaa 
the  borders  of  a.  dcsort. 


tpon  dry  deltas  are  on  the  Pacific  coast  of  the  United  States 

eCerred  to  aa  "  washes  "  (Fig.  225). 
Fast  losing  their  velocity  after  emerging  from  the  mountMns, 
e  various  distributaries  drop  first  of  all  the  heavy  bowlders, 
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then  the  large  pebbles  and  the  sand,  so  that  only  the  finer  saad^ 
and  the  silt  are  carried  to  the  margin  of  the  delta.  As  tiey 
enlarge  their  boundaries,  the  neighboring  deltas  eventually 
coalesce  and  so  form  an  alluvial  bench  or  "  gravel  piedmont"  si 
the  foot  of  the  range.  Only  the  larger  streams  are  able  to  entirdy 
cross  this  bench  of  parched  deposits  with  its  coarsely  ponms 
structure,  for  the  water  is  soon  sucked  up  by  the  thirsty  ma- 
terials. Encountering  in  its  descent  more  clayey  layers,  this  waWt 
is  conducted  to  the  surface  near  the  margin  of  the  bench  and 
may  there  appear  as  a  line  of  springs.  At  this  level  there  develops, 
therefore,  a  zone  of  vegetation,  though  there  is  no  local  rain. 

The  alluvial  bench  grows  upward  by  accretion  of  layers  whirfl 
are  thickest  at  the  mountain  end,  so  that  the  steepness  of  the 
bench  increases  with  time. 

Erosion  in  and  about  the  desert.  —  The  violent  cloudburst  thit 
is  characteristic  of  the  arid  lands  is  a  most  potent  agent  in  modfl- 
ing  the  surface  of  the  ground  wherever  the  rock  materials  are 
not  too  firmly  coherent.  Under  the  dash  of  the  rain  a  peculiar 
t>-pe  of  "  bad  land  "  topography  is  developed  (plate  5  B  and  Fig-226j, 
Such  a  rain-cut  surface  is  a  veritable  nisi* 
of  alternating  gully  and  ridge,  a  country 
worthless  for  agricultural  purposes  and  offer- 
ing the  greatest  difficulty  in  the  way  of  pene- 
trating it.  When  composed  of  stiff  clay  with 
scattered  pebbles  and  bowlders,  the  effect  of 
the  "  rain  erosion  "  is  to  fashion  steep  clsy 
pillars  each  capped  by  a  pebble  and  described 
as  "  demoiselles  "  (Fig.  226). 

Behind  the  mountain  front  the  valleys  out 
of  which  the  torrents  are  discharged  are  usu- 
ally short  with  stwp  side  walls  and  a  rela- 
tively fiat  bottom,  ending  headward  in  an 
"had  landfl"  (aftpr  a    amphitheater    with    precipitous   waJls    (Fu;. 
phot^eraph  by   Fair-   227).     In   the   western   United   States  such 
vallej-s  are  referred  to  as  "  box  canons,"  but 
in  Mohammedan  countries  the  name  "wed"  applies  to  the  river 
valley  within  the  mountains  and  to  the  distributaries  as  well. 

Characteristic  features  of  the  arid  lands.  —  It  is  characteristir 
of  eroBion  and  deposition  within  humid  re^oos  that  all  outlines 
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tned  into  flowing  curvee,  due  to  the  protective  mat 
station.  In  arid  lands  those  massive  rocks  which  are 
it  structural  planes  of  separatioQ,  partly  as  a  consequence 
oliation,  develop  broad  domes  which  are  projected  upon 
lorizon  as  great  semicircles, 
1  in  half  it  may  be  by 
cement.  The  same  massive 
where  intersected  by  vertical 
planes  yield,  on  the  contrary, 
granite  needles  like  those  of 
y  Peak  (plate  8  A).  Simihirly, 
jse  or  bedded  rocks,  when  tilted 
high  angle,  may  yield  forms 
are  almost  iflentical.  Ex- 
s  of  such  needles  are  found  in 
arden  of  the  Gods  in  Colorado. 
lower  levels,  where  the  flying 
becomes  effective  as  an  erod- 
;ent,  flat  bedded  rocks  become 
1  into  shelves  and  cornices,  and 
jreected  by  joints,  the  shelves 
jroicea  are  transformed  into  groups  of  castellated  towers  and 
cits  of  a  high  degree  of  ornamentation.  These  fantastic 
n  remnants  are  usually  referred  to  as  "chimneys"  and  may 
n  in  numbers  in  the  bad  lands  of  Dakota,  as  they  may  in 
ido  either  in  Monument  Park  or  in  the  new  Monolithic 
aal  Park  (plate  8  B). 

ere  wind  erosion  plaj-s  a  smaller  rfile  in  the  sculpture,  but 
after  an  uplift  a  river  has  made  its  way,  horizontally  bedded 
are  apt  to  be  carved  into  broad  rock  terraces,  nowhere  shown 
so  grand  a  scale  as  about  the  Grand  CaSon  of  the  Colorado, 
harder  layer  has  here  produced  a  floor  or  terrace  which 
in  a  vertical  escarpment,  and  this  is  separated  from  the 
ower  layer  of  more  resistant  rock  by  a  slope  of  talus  which 
f  hides  the  softer  intermediate  beds.  The  great  Desert  of 
1  is  shaped  in  a  series  of  rock  terraces  or  steppes  which 
id  toward  the  interior  of  the  basin. 

ingle  harder  layer  of  resistant  rock  comes  often  to  form 
tt  capping  of  a  plateau,  and  is  then  known  as  a  Tnesa,  or 


IG.  227.  — Amphitheater  »t  the 
head  of  the  Wed  I3eni  Sur  {utter 
Walther), 
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table  mountain.  Along  its  front,  detached  outliers  usually  stand 
like  sentinels  before  the  larger  mass,  and  according  to  their  rda- 
tive  proportions,  these  are  referred  to  either  as  small  mesas  or 
as  the  smaller  buUes  (Fig.  228). 


•    .."•''-^■%*«-  •••  ■"■         ■_ 


Fia.  228.  —  Mesa  and  outlying  butte  in  the  Lcucite  Hills  of  Wyomiiig  (aftar 

man  Cross,  U.  S.  G.  S.)« 


The  war  of  dune  and  oasis.  —  In  ever>''  desert  the  deposits 
are  arranged  in  consecutive  belts  or  zones  which  are  alternately 
the  work  of  wind  and  water.  Surrounding  the  desert  and  upon 
the  flanks  of  the  mountain  wall  there  is  found  (1)  the  deposit  of 
loess  derived  from  the  dust  that  is  carried  out  of  the  desert  bv 
the  wind.  Immediately  within  the  desert  border  at  the  base  of 
the  mountains  is  (2)  the  zone  of  the  dwindling  river  with  its 
sloping  bench  of  coarse  rub})le  and  gravel.  Next  in  order  is 
(8)  the  belt  of  the  flying  sand,  a  zone  of  dune  ridges  often  sepa- 
rated by  narrow,  flat-bottomed  basins  (Fig.  229)  into  which  the 


* 


I ' 


'  V.'. 


FiQ.   229.  —  Flat-bottomed  basin  separating  dunes  —  haiir  or  taki/r  (after  EB^ 

worth  Uuntington). 

Strongest  streams  bring  the  finer  sands  and  silt  from  the  moun- 
tains. Lastly,  there  is  (4)  the  central  sink  or  sinks,  into  which 
all  wat(»r  not  at  once  absor})ed  within  the  zone  of  alluviation  or 
in  the  zone  of  dunes  is  finally  collected.     Here  are  the  true  lacus- 
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ne  deposits  of  clay  and  spparated  salts  (Fig.  230  and  Fig.  207, 
201).  The  lake  deposits  fill  in  all  the  original  irregularities 
the  desert  floor,  out  of  which  the  tops  of  isolated  ranges  of 

ountains  now  project  like  islands  out  of  the  surface  of  the  sea. 

he  several  zones  of  de- 

3«ts  in  their  order  from 

ic  margin  to  the  center 

'   the  desert  are  given 

rliematically  in  Fig.  231. 
The  zone  of  vegetation, 
^already  stated,  lies  near 

be  foot   of   the   alluvial 

■each,  so  that   here  are 

Dund   the    oases    about 

i^h  have  clustered  the 

aties  of  the  desert  from 

4ie  earliest  records  of  antiquity  until  now.     Just  without  the  line 

rf  oases  is  the  wall  of  dunes  held  back  from  further  advance  only 

>y  the  vegetation  which  in  turn  ia  dependent  upon  the  rains  in 

the  neighboring  mountains.     With  every  diminution  in  the  water 

•xipply,  the  dunes  advance  and  encroach  upon  the  oases  (plate  7  B) ; 

Rbile  with  every  considerable  increase  in  this  supply  of  moisture 


Flo.  230.  —Billowy  surface  of  the  salt  crust  □□ 
the  ceBlrnl  sink  in  thu  Lop  Dessrt  iil  ceiitrid 
Aaa  (niter  EllHWorth  Huntingion). 


Fio.231.  —  Sehematic  iliagroia  to  ahow  the iodrb ol  deposltii 
the  moi^n  to  the  center  of  a  desert. 

ti»  alluvial  bench  advances  over  the  dunes  and  acquires  a  strip 
<if  their  territory.  Thus  with  varying  fortunes  a  war  is  con- 
tinually waged  between  the  withering  river  and  the  flying  sand, 
Md  the  alternations  of  climate  are  later  recorded  in  the  dove- 
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tailing  together  of  the  eolion  and  alluvial  deposits 

mon  junction  (Fig.  231). 

In  addition  to  the  smaller  periodic  alternations  of  pluv'ial  j 
interpluvial     clj 
the  "  pulse  of  i 
the  record  of  the  A 
deserts  indicates  a 
gresfiive    c 
the  entire  region,  H 
has  now  given  t 
tory  to  the  dune.   ' 
ancient   historj'  of  | 
cities  of  the  plaii 
plies  the  records  of  in 
that   ha\'e    been  I 
in   the   dunes. 
where   once  nn 
peroufi  cities,  ■ 

to  be  seen  at  the  surface  but  a  group  of  mounds  (Fig.  i 

humed  after  much   painstaking  labor   the  walls  and  | 

these  ancient  cities 


^1 

S|iu^^^3Uhk^^ 

^^Hl 

*f>''."-^« 

ss^Sh 

^(f^% 

irf£jfms>\  ^n^Hi 

%   --r*  J 

^*'.dJMi^Hi 

^••-ai=-.,.>5 

^««S^Bi^^Bi 

have  once  more  been 
brought  to  the  light 
of  day,  and  much 
has  thus  been 
learned  of  the  civi 
lization  of  these  ^"f 
early  times  (Fig 
233).  Quite  re 
cently  the  mounds 
which  cover  be 
tween  one  and  two 
hundred  buried  vil- 
lages have  been 
found  upon  the  bor- 
ders  of   the  Tarim 

basin   of   central   Asia,   where  they  were  lost  to   history 
they  were  overwhelmed  in  the  early  centuries  of  the  Chriatisii 
Era. 


Exhumed  Btrurturca  in  the  biuied  dijr  i 
Nippur  (alter  Hilpreeht). 
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le  high  plains  which  front 
cky  Mountains.  — To  the  ciistward  of 
^at  backbone  of  tin-  North  American 
;nt  stretches  a  va^t  plain  gently  in- 
away  from  the  range  and   generally    _.  ^^ 

aa  the  High  Plains  region  (plate  0).     "  ^H         j 
lurist  who  travels  westward  by  train 
i  this  slope  so  gradually  that  when  he 
iched  the  mountain  front  it  is  difficult 
ize  that  he  has  chmbed  to  Ein  altitude 

thousand  feet  above  the  level  of  the 
rhat  he  has  also  passed  through  several 
c  Eones  —  a  humid,  a  scmiarid,  and 
i  —  and  has  now  entered  a  aemiarid 
.,  is  more  eaaly  appreciated  from  study  "^  I 
vegetation  (Fig.  234).  The  surface  of 
5h  Plains,  where  not  cut  into  by  rivers, 
irkably  even,  so  that  it  might  be  com- 
bo the  quiet  surface  of  a  great  lake. 

materials  which  compose  the  surface 

of  these  plains  are  coarse  conglomer- 
^■avels,  and  sands,  and  the  so-called  |  I 
ar  beds,"  which  are  nothing  but  sands 
*d  into  sandstone  by  carbonate  of  lime. 
ebblea  in  all  these  deposits  are  far- 
id  and  appear  to  have  been  derived  | 
inwion  of  those  crj'stalline  rocks  which 
9e  the  eastern  front  of  the  Rockj' 
:ains.  These  different  materials  are 
ranged  in  strictly  parallel  beds,  as  are 
porate  of  a  lake  or  sea;  but  the  beds 
Bde  up  of  long  threads  of  lenticular 
ection  which  are  interlaced  in  the  most 
te  fashion  and  which  extend  down  the 
or  outward  from  the  mountain  front 
!35).     It  is  thus  shown  that  the  High 

are  a  bench  or  plain  of  alluviation 
i  at  the  front  of  the  Rocky  Mountains 
;  an  earlier  series  of  pluvial  periods,  and  that  subsequent 
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uplift  has  produced  the  modem  river  valloys  which  ai 
the  plain.  The  plexus  of  long  threads  of  the  coarser  n 
the  courses  of  dwindling  rivers  which  interlaced  over  ^h^i^ 


plain,  and  which  in  time  were  buried  under  other  channel  de 

of  the  same  nature  but  in  different  positions  (Fig.  236).    The 

pluvial  periods  in  which  tbia 

bench  was  formed  produwd 

in  other  latitudes  the  great 

continental     glaciers    whkh 

wrought     such     marvelgia 

chauges  in  northern  Nortb 

Fio.   236.  —  Distributaries  at  the  toothiUs   America    aud    in    DortbdU 

Buporiitipoicd  upon  an  eoriler  series  (after    p]iirniw> 

W.  D,  Johoson), 

Character    profiles. 
contrast  with  the  profiles  in  the  landscapes  of  huniid  ref^ons 
Fig.  187,  p.  177),  those  of  arid  lands  are  marked  by 


PiQ.  237.  —  Charicttr  proSlea  in  the  limdscapw  of  arid  loods. 
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lements  (Hg.  237).  Almost  the  only  exception  of  importance  is 
imished  by  the  domes  of  massive  granite  monoliths,  which  are 
imetimes  broken  in  half  by  great  displacements.  Below  the 
Drizon  the  secondary  lines  in  the  landscape  betray  the  same 
raightness  of  the  component  elements  by  the  gabled  slopes 
talus  which  are  many  times  repeated  so  as  almost  to  repro- 
ice  the  lines  in  a  house  of  cards,  since  the  sloping  lines  are 
untained  at  the  angle  of  repose  of  the  materials  (Fig.  482,  p.  443). 
herever  the  waves  of  desert  lakes  have  made  an  attack  upon  the 
3ks  and  have  retired  the  projecting  spurs,  other  gables  charac- 
ized  by  slightly  different  slopes  are  introduced  into  the  landscape. 
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The  weathering  processes  under  control  of  the  fracture  syatein. 

-  In  an  earlier  chapter  it  was  learned  that  the  rocks  which  com- 
the   earth's   surface   shell   are   intersected  by  a  system  of 
fractures  which  in  little-disturbed  areas  divide  the  surface  | 
into  nearly  square  perpendicular    prisms  (Fig.  36,  p.  55), 
or  less  modified  by  additional  diagonal  joints,  and  often  t 
tbo  by  more  disorderly  fractures.     Throughout  large  areas  these  I 
fractures  may  maintain  nearly  constant  directions,  though  either  j 
,pr  more  of  the  master  series  may  be  locally  absent.     Thia  1 
e  architecture  of  the  surface  shell  of  the  lithosphere  haa  1 
its  influence  upon  the  various  weathering  processes,  as  it  J 
upon  the  activities  of  running  water  and  of  other  less  J 
■anaporting  agencies  at  the  surface. 

high   latitudes,    where   frost   action   is   the   doroiaant  I 
process,   the  water,  by   insinuating  itself  along  the  I 
and  through  repeated  freezings,  has  broken  down  the  rock  I 
immediate  neighborhood  of  these  fractures,  and  so  has  I 
upon  the  surface  an  image  of  the  underlying  pattern  J 
ofetnicture  lines  {plate  10  A). 

Id  much  lower  latitudes  and  in  regions  of  insufficient  rainfall,  \ 
"le  eame  structures  are  impressed  upon  the  relief,  but  by  other 
"feathering  processes.     In  the  case  of  the  less  coherent  deposits 
"*  these  provinces,  the  initial  forms  of  their  erosional  surface  have 
*"*letimes  been  determined  by  the  dash  of  rain  from  the  sudden 
*j**Udburst.     Thus  the  "  bad  lands  "  may  have  their  initial  gullies  ■ 
"""ected  and  spaced  in  conformity  with  the  underlying  joint  struc-  j 
*'»re8  (Fig.  238). 

la  such  portions  of  the  temperate  regions  as  are  favored  by  a 

''^linid  climate,  the  mat  of  vegetation  hol<lB  down  a  layer  of  soil, 

■**d  mat  and  soil  in  cooperation  are  effective  in  preventing  any 
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(after  B  pbatOEraph  by  FsirbankB). 
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such  Urge  measure  of  frostwork  as  is  charactenstic  of  the  a 
polir  rtgiuDs  or  of  high  levels  in  the  and  lands  In  humid  regions  1 
the  rocks  bfcome  a  prey  espe-  I 
daily  to  the  processes  of  sc^iji 
tiou  and  actompanj-ing  che 
cal  decomposition, 
proct-sse*  although  guidedJ 
tlif  course  of  the  percolal 
(,ruund  water  along  the  ( 
ture  plane  do  not  afford  ^ 
tiiking  examples  of  the  q 
trol  of  surface  relief. 
Tho  e  hmestanes 
hwlv  pass  into  solution  i 
liii  i>ercolating  water  do,  how- 
e\ir  quite  generally  indicate 
a  localization  of  the  solution 
along  the  joint  channels  (Hg. 
«ulptunnem,aor«mtrQl  239  and  plate  6  B).     Though 

Const  of  southern  California    in  otllCf  rockS  not  SO  appaTPOt, 

yet  solutions  generally  take 
their  courses  along  the  same  channel,  and  upon  them  is  localiiol 
the  development  of  the  newly  formed  hydrated  and  carbonate 
minerals,  as  is  well  illustrated  by 
the  phenomenon  of  spheroidal 
weathering  (Fig.  155,  p.  150). 

The  fracture  control  of  the  drain- 
age lines,  —  The  etching  out  of 
the  earth's  architectural  plan  i 
the  surface  relief,  which  we  have 
seen  begun  in  the  processes  of 
weathering,  is  continued  after  the 

transporting  agents  have  become  ^.hi,t  .ho,.,  the  pffoc^  of  »latio. 
effective.  It  is  often  easy  to  see  itlung  nciKhimnrig  joim*  in  n  Mtfic 
tliat  a  river  has  taken  its  course  "'  «'«  "pi"'  1™*.  (»(ier  Gilbot  I', 
in    rectangular    zigzags    like    the 

elbows  of  ft  jointed  stove  pipe,  and  that  its  walls  are  fonnfJ 
I         of  joint  planes  from  which  an  occasional  squared  buttress  pro- 
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FiQ.  240.  —  Map  of  the 
joint-controlled  Abisko 
CaJlon  in  northern  Lap- 
land (after  Otto  Sjogren). 


>  Cafion  of  northern  Lapland  (Fig.  240).  We  are  later 
bat  another  great  transporting  agent,  the  water  wave, 
selective  attack  upon  the  litho-  \   / , 

ing  the  fractures  of  the  joint 
Ig.  250,  p.  233  and  Fig.  254, 

he  scale  of  the  example  is  large, 
cases  which  have  been  above 
actual  position  and  directions 
t  waU  are  easily  compared  with 
y  elements  of  the  river's  course, 
be  connection  of  the  drainage 
the  underlying  structure  is  at 
rent.    In  many  examples  where 
3  small,  the  evidence  for  the  con- 
fluence of  the  rock  structure  in 
ig  the  courses  of  streams  may 
in  the  peculiar  character  of  the  drainage  plan.    To 
the  course  of  the  Zambesi  River,  within  the  gorge  below 
s  Victoria  Falls,  not  only  makes  repeated  turnings  at  a 
3,  but  its  tributary  streams,  instead  of  making  the  usual 

sharp  angle  where  they  join  the 
main  stream,  also  affect  the  right 
angle  in  their  junctions  (Fig.  241). 
The  repeating  pattern  in  drainage 
networks.  —  It  is  a  characteristic  of 
the  joint  system  that  the  fractures 
within  each  series  are  spaced  with 
approximation  to  uniformity.  If 
the  plan  of  a  drainage  system  has 
been  regulated  in  conformity  with 
the  architecture  of  the  underlying 
rock  basement,  the  same  repeating 
rectangles  of  the  master  joints  may 
xi  to  appear  in  the  lines  of  drainage  —  the  so-called 
letwork. 

ctangular  patterns  do  very  generally  appear  in  the 
letwork,  though  they  are  often  masked  upon  modem 
iiat,  to  the  geologist,  seems  impertinent  intrusion  of  the 


ilap  of  the  gorge  of  the 
iver  below  the  Victoria 
r  Lamplugh). 
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black  lines  of  overprinting  which  indicate  rmlways,  lines  of  h 
way,   and  other   culture   elementa.     On   river  maps,  which  are  1 
printed  without  culture,  the  pattern  is  much  more  easily  recog- 
nized (Figs.  242  and  243).    Wherever  the  relief  is  strong,  as  la 


Flo.  242.  — Controlled 

drainsBe  network  of  Fto.  243. — A  river  network  of  repeating  rnrtaiigular  pat- 

the   Sbepuug   River  tern.    Near  Lake  Temiskaming.  OotArio  (from  the  nuv 

in  Connecticut.  by  the  Dominion  Government}. 


the  case  in  the  Adirondack  Mountain  province  of  the  State  of 
New  York,  individual  hills  may  stand  in  relief  between  the  bound- 
ing streams  which  compose  the  rectangular  network,  like  the 
squared  pedestals  of  monuments.  Such  a  type  of  relief  carved  in 
repeating  patterns  has  been  described  as  "  checkerboard  top<^- 
raphy." 

The  dividing  lines  of  the  relief  patterns  —  lineaments.  —  The 
repeating  design  outlined  in  the  river  network  of  the  Temiska- 
ming  district  {Fig.  243)  would  appear  in  greater  perfection  if  we 
could  reproduce  the  relief  without  at  the  same  time  obecuriog 
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he  lines  of  drainage ;  for  where  the  pattern  is  not  completely 
dosed  by  the  course  of  the  stream,  there  is  generally  found  either 

dry  valley  or  a  ravine  to  complete  the  design.  If  these  are 
not  present,  a  bit  of  straight  coast  h'ne,  a  visible  line  of  frac- 
ture, a  zone  of  fault  breccia,  or  the  boundary  line  separating 
difTerent  formations  may  one  or  more  of  them  fill  in  the  gaps  of 
the  parallel  straight  drainage  lines  which  by  their  intersection 
bring  out  the  pattern.  These  significant  lines  of  landscapes 
which  reveal  the  hidden  architecture  of  the  rock  basement  are 
described  as  lineaments  (Fig.  82,  p.  87).  They  are  the  character 
lines  of  the  earth's  physiognomy. 

It  ia  important  to  emphasize  the  essentially  composite  ex- 
pression of  the  lineament.  At  one  locality  it  appears  as  a  drain- 
age line,  a  little  farther  on  it  may  be  a  line  of  coast;  then,  again, 
a  series  of  aligned  waterfalls,  a  visible  fault  trace,  or  a  recti- 
linear boundary  between  formations ;  but  in  every  case  it  is  some 
Surface  expression  of  a  buried  fracture.  Hidden  as  they  so  gen- 
rally  are,  the  fracture  lines  must  be  searched  out  by  every  means 
Rt  our  disposal,  if  we  are  not  to  be  misled  in  accounting  for  the 
tioaitions  and  the  attitudes  of  disturbed  rock  masses. 

As  we  have  learned,  during  earthquake  shocks,  as  at  no  other 

ne,  the  surface  of  the  earth  is  so  sensitized  as  to  betray  the 
pOffition  of  its  buried  fractures.  Aa  the  boundaries  of  orographic 
blocks,  certain  of  the  fractures  Eire  at  such  times  the  seats  of 
especially  heavy  vibrations;  they  are  the  seismotectonic  lines 
of  the  earthquake  province.  Many  lineaments  are  identical 
vith  seismotectonic  lines,  and  they  therefore  afford  a  means  of 
extent  determining  in  advance  the  lines  of  greatest  dan- 
ger from  eart.hquake  shock. 

The  composite  repeating  patterns  of  the  higher  orders.  —  Not 
only  do  the  larger  joint  blocks  become  impressed  upon  the  earth 
relief  as  repeating  diaper  patterns,  but  larger  and  still  larger  com- 
posite units  of  the  same  type  may,  in  favorable  districts,  be  found 
to  present  the  same  characters.  Attention  has  already  been 
more  than  once  directed  to  the  fact  that  the  more  perfect  and 
prominent  fracture  planes  recur  among  the  joints  of  any  series  at 
more  or  less  regular  intervals  (Fig.  40,  p.  57,  and  Fig.  41,  p.  58), 
Nowhere,  perhaps,  is  this  larger  order  of  the  repeating  pattern 
perfectly  exemplified  than  in  some  recent  deposits  in  the 


I 


Fic  244  — Sqiiai-ed  moUDLun  maasca  nluch  reveal  a  ditlribution  oF  the  j(unU  JB 
blotk  pattPriu  of  diilsrent  oidcra  of  miieiutuil(<.  The  PordoiunKe  of  the  5db 
group  of  the  Dolomites  seen  From  the  Cima  di  Robs  (after  Mojnaovies). 


bedded  lower  formation,  the  dolomite,  divided  into  subordinate 
sections  of  large  dimensions;  but  in  the  overlj-ing  fonnatJDua 
in  blocks  of  relatively  small  size,  yet  with  amilarly  perfect  sub- 
equal  spacing. 

The  observing  traveler  who  is  privileged  to  make  the  joi 
by  steamer,  threading  its  coarse  in  and  out  among  the  manjr  i 
lands  and  skerries  of  the  Norwe^an  coast,  will  hardly  fail  to  D 
struck  by  the  remarkable  profiles  of  most  of  the  lower  ist; 
(Fig.  245).  The.se  profiles  are  generally  convexly  scalloped  ^ 
noteworthy  regularity,  and  not  in  one  unit  only,  but  in  at  IcwtH 
with  one  a  multiple  of  the  other  (Fig.  246).  As  the  steamer  p 
near  to  the  islands,  it  is  discovered  that  the  smaller  reco| 
units  in  the  island  profiles  are  separated  by  widely  gaping  jgj 
which  do  not,  however,  belong  to  the  unit  series,  but  to  a  1 
composite  group  (Fig.  246  b).    Frostwork,  which  depends  for  it| 
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ctjon  upon  open  spaces  within  the  rocks,  has  here  been  the  cause 
'  the  excessive  weathering  above  the  more  widely  gaping  joints. 
High  northern  latitudes  are  thus  especially  favorable  for  re- 
ding all  the  details  in  the  architectural  pattern  of  the  iitho- 


iliJ  groups  (if  llie  Lototoii 
Konrny.  nhiL-h  reveal  repeatiug  patturn 
(alter  a  photograph  by  KQudneii]. 

there  shell,  and  we  need  not  be  surprised  that  when  the  modem 
ips  of  the  Norwegian  coast  are  examined,  still  larger  repeating 
itterns  than  any 
ihat  may  be  seen 
the  field  are  to 
made  out.  The 
Korwe^an  coast 
was  long  ago  shown 

to  be  a   complexly   pia.  246.  —  Disgnma  to  illustrate  (he  compuaitp  profiles 

region,  and         ol  t''"  ifllnoda  oq  the  Norweginn  cooat.    a,  distant  view  : 

J-    -_       h,  iK^tLT  view.  Hhowiiig  tht-Jiidi vidua]  juiuts  and  the  more 

widely  giLpinE  fracturea  beneath  each  sag  in  the  profile. 

rebel 

instead   of  being  explained   as   a  consequence  solely  of 

•^ertive  weathering,  must  be  regarded  as  due  largely  to  fault 

displacements  of  the  type  represented  in  our  model  (plate  4  C). 

Yet  whether  due   to   displacements  or   to   the  more  numerous 

juinta,  all   belong   to  the   same    composite   system  of  fractures 

in  the  relief. 
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CHAPTER  XVIII 


THB   FORMS   CARVED   AND   MOLDED   B7   WAVES 


rhe  motion  of  a  water  wave.  —  The  motions  within  a  wave 
on  the  surface  of  a  body  of  water  may  be  thought  of  in  two 
lerent  ways.  First  of  all,  there  is  the  motion  of  each  particle 
water  within  an  orbit  of  its  own ;  and  there  is,  further,  the  for- 
Lrd  motion  of  propagation  of  the  wave  considered  as  a  whole. 
The  water  particle  in  a  wave  has  a  continued  motion  round  and 
iind  its  orbit  like  that  of  a  horse  circling  a  race  course,  only  that 
re  the  track  is  in  a 
rtical  plane,  directed 
mg  the  line  of  propa- 
tion  of  the  wave  (Fig. 
0.  Each  particle  of 
ter,  through  its  fric- 
a  upon  neighboring 
iicles,  is  able  to 
Qsmit  its  motion  both 
ng  the  surface  and 
^mward  into  the  water 
ow.  The  force  which 
rts  the  water  in  mo- 
il and  develops  the 
ve,  is  the  friction  of 
id  blowing  over  the 

ter  surface,  and  the  size  of  the  orbit  of  the  water  particle  at 
y  point  is  proportional  to  the  wind's  force  and  to  the  stretch  of 
ter  over  which  it  has  blown.  The  wind's  effect  is,  therefore, 
nulative  —  the  wave  is  proportional  to  the  wind's  effect  upon 
water  particles  in  its  rear,  added  to  the  local  wind  friction. 
The  size  or  height  of  the  wave  is  measured  by  the  diameter  of  the 
•it  of  motion  of  the  surface  particle,  and  this  is  the  difference 
height  between  trough  and  crest.  The  distance  from  crest 
crest,  or  from  trough  to  trough,  is  called  the  wave  length. 
ough  the  wave  motion  is  transmitted  downward  into  the  water, 
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Y\Q.  247.  —  Diagram  to  show  the  nature  of  the 
motions  within  a  free  water  wave. 
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there  is  a  continued  loss  of  energy  which  is  here  not  compensaW  J 
by  added  wind  friction,  and  so  the  orbital  motion  grows  smaller  a: 
smaller,  until  at  the  depth  of  about  a  wave  length  It  hu  comi^ 
died  out.     This  level  of  no  motion  is  called  the  tnaw  bate, 
quiet  weather  the  level  of  no  motion  ia  practically  at  the  t 
surface,  and  inasmuch  as  the  geological  work  of  wavefl  is  in  Ii 
part  accomplished  during  the  great  storms,  the  term  "wave  b 
refers  to  the  lowest  level  of  wave  motion  at  the  time  of  the  b 
est  storms.     Upon  the  ocean  the  highest  waves  that  have  I 
measured  have  an  amplitude  of  about  fifty  feet  and   a  i 
length  of  about  six  hundred  feet. 

Free  waves  snd  breakers.  —  So  long  as  the  depth  of  the  i 
is  below  wave  base,  there  is  obviously  no  posMbility  of  iate 
encc  with  the  wave  through  friction  upon  the  bottCHn.  Vw^ 
these  conditions  waves  are  described  as  free  vxtoeg,  and  tb«r  foe 
are  symmetrical  except  in  so  far  as  their  crests  are  pulled  e 
and  more  or  less  dissipated  in  the  spray  of  the  "  white  caps  " 
the  time  of  high  winds. 

As  a  wave  approaches  a  shore,  which  gpnertdly  has  a  gentle 
outward  sloping  surface,  there  is  interposed  in  the  way  of  a  free 
forward  movement  the  friction  upon  the  bottom.  This  friction 
begins  when  the  depth  of  water  is  less  than  wave  base,  and  its 
effect  is  to  hold  back  the  wave  at  the  bottom.    Carried  slowly 


upward  in  the  water  by  the  friction  of  particle  upon  partidi^ 
t  lie  t'ffect  of  this  holding  h.ick  is  a  piling  up  of  the  water,  which  in*  ■ 
trea^^'s  tin?  wave  hpi^ht  as  it  diminishes  the  wave  length,  and  also 
interferes   with    wave   syinniptry    (Fig.   248).     Moving   forward 
at  the  top  under  its  inertia  of  motion  and  held  back  at  the  bottom 


WHotagrapfi  bu  Fairbatiki.) 
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constantly  increasing  friction,  a  sttong  turning  motion  or 
iple  is  started  about  a  horizontal  axis,  the  immediate  effect 
K-hich  ia  to  steepen  the  forward  slope  of  the  wave,  and  this  con- 
ues  until  it  overhangs, 
1,  falling,  "  breaks  "  into 
f.  Such  a  breaking 
ve  is  called  a  "  comber " 
"  breaker  "  (plate  11  B). 
Effect  of  the  breaking 
vc  upon  B  steep  rocky 
»re  —  the  notched  cliff.  — 
the  shore  rises  abruptly 
m  deeper  water,  the  top    •»>J>3>^ 

the   breaidng  wave   is    Fig.249.— NoichedrockBliftoi 
ried  ag^nst  the  cliff  with        the  fallen  blookB  derived  fmai  theolifltl 

^loreeotabattcringram.      «"J™'«»«,   /"H;;.  "-''  •'  •'""^'- 

Point  near  Madison,  >Vi3conflia. 
inng  storms  the  water  of 

jre  waves  is  charged  with  sand,  and  each  sand  particle  is  driven 
e  a  stone  cutter's  tool  under  the  stroke  of  his  hammer.  The  effect 
thus  both  to  chip  and  to  batter  away  the  rock  of  the  shore  to 
•  height  reached  by  the  wave,  undermiuing  it  and  notchmg 
!  rock  at  its  base  (Fig.  249).  When  the  notch  has  been  cut 
this  manner  to  a  sufficient  depth,  the  overhanging  rock  falls 
by  its  own  weight  in  blocks  which 
are  bounded  by  the  ever  present 
joints,  leaving  the  upper  cliff  face 
essentially  vertical. 

Coves,  sea  arches,  and  stacks. 
—  It  is  the  headland  which  is 
most  exposed  to  the  work  of  the 
waves,  since  with  change  of  wind 
direction  it  is  exposed  upon  more 
than  a  single  face.  The  study  of 
headlands  which  have  been  cut 
by  waves  shows  that  the  joints 
within  the  rock  play  a  large  rfile 
in  the  shaping  of  shore  features. 
,  The  attack  of  the  waves  under 
the  direction  of  these  planes  of 
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the  CM 


^Flo.  25!.  —  The  sea  arch  knowD  u  i 
Grand   Arch  upon  one  of  the  AposUl 
lalunda  in  hake  Superior  (ikftor  n  pho 
toETBph  by  the  Dclroit  Photosraphii 
CompBoy). 


ready  separation  opens  out  indentations  of  the  shore  (Fig.  250)  i 
forms  sea  caees  which,  as  they  extend  to  the  top  of  the  cliff  by  tl 
process  of  sapping,  yield  the  coves  which  are  so  comntoD  a  featu 
upon  our  rock-bound  sboi 
(Fig.  259,  p.  238).  Withoonti 
uation  of  this  process,  the  a 
formed  on  opposite  sidea  g 
headland  may  be  united  ti 
a  sea  arcli  (Fig.  251). 

A  later  stage  in  this  select! 
wave  tarving  under  the  contr 
of  joints  is  reached  when  t 
bridge  above  the  arch  h 
fallen  in,  leaving  a  detachi 
rock  island  with  precipilu 
walls.  Such  an  offshore  ialai 
of  rock  with  precipitous  ai 
is  known  as  a  slack 
252),  or  sometimes 
"  chimney,"  though  t 
[term  is  best  restricted  to  other  and  similar  forma  which  | 
i  product  of  selective  weathering  (p,  300). 

Whenever  the  rock  is  less  firmly  consolidated,  and  e 
I  Btand  upon  such  steep  planes, 
I  the  stack  is   apt  to   have   a 
more  conical  form,  and  may 
I  not  be  preceded  in  its  torma- 
l  tion   by  the   development   of 
I  the  sea  arch  (Fig.  260,  p.  239). 
In  the  reverse  case,  or  where 
the  rock  possesses  an  unusual 
tenacity,   the   stack    may   be 
largely  imdermincd  and  stand 
jSupported  like  a  table    upon 
I  thick  legs  or  pillars  of  rock 
i  (Fig.   253).      In  Fig.    254    is 
I  seen  a  group  of  stacks  upon  the  coast  of  California,  which  i 
I  with  clearness  the  control  of  the  joints  in  their  formati(»i,  hi 
Kunlike  the  marble   of  the  South  American  example  the  fan 
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t   rounded,   but   retain 
larp  angles. 

cut  rock  terrace. — 
waves  first  begin  their 
upon  a  steep,  rocky 
the  lower  limit  of  the 
is  near  the  wave  base, 
ition  ut  this  depth  is, 
;r,  less  efficient,  and  as 
eeaion  of  the  clifF  is  one 
most  rapid  of  erosional 


53.  —  The  Marblo  lalanda.  atacke  in 
Lake  Bucdos  Airea,  soutbem  Andes 
(after  F.  P.  Moreno). 


ea,  the  rock  floor  outside  the  receding  cliff  comes  to  slope 
Uy  downward  from  the  chfE  to  a  maximum  depth  at  the 


,  —  Squu»l  stacks  which  reveal  the  position  of  the 
II   the  procew   of   carving  by  the 


Pt.    liuchon.  Culifornia 


B  pholosiaph  by  Fairbankfl). 

t  the  terrace,  approximately  equal  to  wave  base  (Fig.  255). 
it  terrace  is  extended  seaward  or  lakeward,  as  the  case  may 
a  buiil  terrace  constructed  from  a  portion  of  the  rock  debris 
id  from  the  cliff. 
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The  broken  wave,  after  rising  upon  tlie  terrace  under  the 
of  its  motion  until  all  its  energy  has  been  disedpated,  slides  out- 
ward by  gravity,  and  thoq^ 
checked  and  overridden  bgr 
succeeding  breakers,  it  -cm- 
tinues  its  outward  slide  u 
the  "  undertow "  until  it 
reaches  the  end  of  the  to- 
race.  Here  it  sudden!;  al- 
ters deep  water,  and  kail 

r.u.  255.  -Ideal  section  of  a  Btoep  «cky    >tS  Velocity,  dropS  itS  bunlli 
■bore  ci>r\-cd  by  waves  into  a  notched  cliff    of  rOCk,   and  builds  the  !«• 

wid  cut  terrace,  uid  extended  by  a  built  pace  seaward  after  tile  mm- 
"*™'  ner   of    construction  vi  ■ 

embankment.     As  we  are  to  see,  the  larger  portion  of  the  nT^ 
quarried  material  is  diverted  to  a  different  quarter. 

To  gain  some  conception  of  the  importance  of  wave  cuttiif 
as  an  eroding  process,  we  may  consider  the  late  history  of  Heb- 
goland,  a  sandstone  island  off  the  mouth  of  the  Elbe  in  the  Notth 
Sea  (Fig.  256).  From  a  periphery  of  120  miles,  which  it  posseseed 
in  the  ninth  cen- 
tliry  of  the  Chris- 
tian  era,  the 
island  has  reduced 
its  outline  to  45 
miles  in  the  four- 
toputh  century,  8 
miles  in  the  seven- 
toonth,  and  to 
almut  3  miles  at 
tho  beginning  of 
the  twentieth  cen- 
tury. The  German 
government,  which 
recently  acquiretl 
this  little  remnant  ^'°_,?^^,- 
from  England,  has 
expended  large 
sums  of  money  in  an  effort  to  save  this  last  relic. 


Vlap  BhawiDK  the  outlines  of  the  IsUnd  d 
Qt  different  stagea  in  its  recent  hiitoty.  Tbi 
given  are  in  milea. 
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cut  and  built  ten-see  on  k  steep  shore  of  loose  materials, 
laterials  which  lack  the  coherenct!  of  firm  rock,  no  vertical 
I  form ;  for  as  fast  as  undermmed  by  the  waves  the  loose 
Is  slide  down 
tnoe  a  surface 
ically  constant 

the  "  angle  of 

of  the  mate-     ,  -a 
Ig.  257).     The 
below      this    Fi< 

cliff  will  not      j"' 
□   shape   from 

it  upon  a  rocky  shore;  but  whenever  the  materials  of  the 
tdude  disseminated  blocks  too  large  for  the  waves  to  handle, 
Meet  upon  the  terracp  near  where  they  have  been  exhumed, 
hning  what  has  been  called  a  "  bowlder  pavement  "  (Fig. 


edge  of  the  cut  and  built  terrace  is,  as  already  mentioned, 

ined  at  the  depth  of  wave  base.  If  one  will  study  the  sub- 
merged contours  of  any  of  our 
inland  lakes,  it  will  be  found 
that  these  basins  are  sur- 
rounded by  a  gently  sloping 
marginal  shelf,  — the  cut  and 
built  terrace,  —  and  that  the 
depth  of  this  shelf  at  its  outer 
edge  is  proportioned  to  the 
size  of  the  lake.  Upon  Lake 
Mendota  at  Madison,  Wiscon- 
sin, the  large  storm  waves  have 
a  length  of  about  twenty  feet, 
which  is  the  depth  of  the  outer 
edge  of  the  shore  t.erraces  (Fig. 

^  267,  p.  242).     The  shelf  sur- 

rounding the   continents  has, 

V  local  exceptions,  a  uniform  depth  of  100  fathoms,  or  about 

'e  base  of  the  heaviest  storm  waves. 

work  of  the  shore  current.  —  In  describing  the  formation 

»uilt  terrace,  it  was  stated  that  the  greater  part  of  the  rock 


->v:. 


—  Slnpine  cliff  and  Wr 
pavement  exposed  at 
e  aca  flhore  at  SdtuBte,  Mttsa- 
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material  quarried  upon  headlands  by  the  waves  is  diverted  from 
the  offshore  terrace.  Thie  divereioa  is  the  work  of  the  shore  cui^ 
rent  produced  by  the  wave. 

At  but  few  places  upon  a  shore  will  the  storm  waves  beat  pe^ 
pendicularly,  and  then  for  but  short  periods  only.  The  broken 
wave,  as  it  crawls  ever  more  slowly  up  the  beach,  carries  the  stutd 
with  it  in  a  sweeping  curve,  and  by  the  time  gravity  has  put  s  Etop 
to  its  forward  movement,  it  is  directed  for  a  brief  instant  panlJel 
to  the  shore.  Soon,  however,  the  pull  of  gravity  upon  it  has  Htarted 
the  backward  journey  in  a  more  direct  course  down  the  slope  of 


the  terrace ;  and  here  encountering  the  next  succeeding  breaker, 
a  portion  of  the  water  and  the  coarser  sand  particles  with  it  are 
again  carried  forward  for  a  repetition  of  the  zigzag  journey.  This 
many  times  interrupted  movement  of  the  sand  particles  may  be 
oljserveci  during  a  high  ivind  upon  any  sandy  lee  shore.  The  "  s3t " 
of  the  water  along  the  shore  as  a  result  of  its  zigzag  joumejings 
is  described  as  the  shore  currerU  (Fig.  259),  and  the  effect  upon 
sand  distribution  is  the  same  as  though  a  steady  current  moved 
parallel  to  the  shore  in  the  direction  of  the  average  trend  of  the 
moving  particles. 

The  sand  beach.  —  The  first  effect  of  the  shore  current  is  to 
deposit  some  portion  of  the  sand  within  the  first  slight  recess  upon 
the  shore  in  the  lee  of  the  cliff.     The  earlier  deposits  near  the  cliff 
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iiduaUy  force  the  shore  current  farther  from  the  shore  and 
lay  down  a  sand  aelvage  to  the  shore,  which  is  shaped  in  the 
rm  of  an  arc  or  crescent  and  known  as  a  beach  (Fig.  25d  and 
ft  260). 


The  shingle  beach.  —  With  heavy  storms  and  an  exceptional 
ich  of  the  waves,  the  shore  currents  are  competent  to  move,  not 
e  sand  alone,  but  pebbles,  the  area  of  whose  broader  surface  may 

as  great  as  the  pahn  of  one's  hand.  Such  rock  fragment^  are 
aped  by  the  continued  wear  against  their  neighbors  under  the 
jtless  breakers,  until  they  have  a  len- 
mlar  or  watch-shaped  form  (Fig.  261). 
ich  beach  pebbles  are  described  as  shingle, 
id  they  are  usually  built  up  into  distinct 
Iges  upon  the  shore,  which,  under  the  o  a     ac     e     c. 

ry  of  the  high  breakers,  may  be  piled  several  feet  above  the  level 

quiet  water  {Fig.  262).     Such  storm  beaches  have  a  gentle 
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forward  slope  graded  by  the  shore  curreDt,  but,  a  steep  back- 
ward slope  on  the  angle  of  repose.  Most  storm  beaches  havt 
been  largely  shaped  by  the  last  great  storm,  such  as  comes  only 
at  intervals  of  a  number  of  yeafi. 
Bar,  spit,  and  barrier.  — 
Wherever  the  shore  upon  nluib 
a  beach  is  building  makes  »_ 
sudden  lajidward  turn  at  the 
trance  to  a  hay,  the  shore 
rents,  by  virtue  of  th«ir  ii 
of  motion,  are  unable  longer 
FiQ.  282.  —  Storm  bench  of  eoane  follow  the  shore.  The  d<51 
Bhiuglo  about  four  feet  in  height  at    which  they  Carry  is  thus 

Michiean.  direction  correspondmg  to  r  " 

tinuation  of  the  shore  just  1      

the  point  of  turning  (see  Fig.  259,  p.  238).  The  result  is  tin- 
formation  of  a  bar,  which  rises  to  near  the  water  surface  and  iBCx- 
tended  across  the  entrance  to  the  bay  through  contiuued  growtJi 
at  its  end,  after  the  manner  of  constructing  a  railway  embank- 
ment across  a  valley. 

Over  the  deeper  water  near  the  bar  the  waves  are  at  first  not 
generally  baited  and  broken,  as  they  are  upon  the  shore,  and  w 
the  bar  does  not  at  once 
build  itself  to  the  surface, 
but  remains  an  invisible 
bar  to  navigation.  From 
its  shoreward  end.  how- 
ever, the  waves  of  even 
moderate  storms  are 
broken,  and  the  bar  is 
there  Inuilt  above  the  water 

surface,  where  it  appears  _^ 

as  a  narrow  cape  of  sand  j,,^,  263.— 8prtof«U«le  on  Ai.Tr»ii.w»a 
or  shingle  which  gradually  late  auperior  (after,  Gilbprt). 

thins  in   approaching    its 

apex.     This  feature  is  the  well-known  spit  {Fig.  263)  which,  at  ii 
grows  across  the  entrance  to  the  bay,  becomes  a  barrier  or  b 
beach  (Fig.  264). 
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lie  continuation  of  the  visible  in  the  usually  invisible  bar,  is 
be  time  of  high  winds  made  strikingly  apparent,  for  the  wave 
e  is  below  the  crest  of  the  bar,  and  at  auch  times  its  crescentic 
ree  beyond  the  spit  can  be  followed  by  the  eye  in  a  white  arc 
)roken  water. 

'he  construction  of  a  barrier  across  the  entrance  to  a  bay  trans- 
ns  the  latter  into  a  separate  body  of  water,  a  Ijigcwn,  within 

ich   Bilting   up   and   peat 

nation  usually  lead  to  an 
lyertinction(p.429).  The 
nation  of  barriers  thus 
ds  to  straighten  out  the 
gularitiea  of  coast  hues, 
t  opens  the  way  to  a 
uial  enlai^ement  of  the 
d  areas.  While  the  coasts 
Uie  United  Kingdom  of 
!at    Britain     have     lieen 

mg  some  four  thousand  FioaM—Barrierbeachmtrontotalagoon 
C8  through  wave  erosion,  on  Lake  Mendota  at  Madison,  Wiacondin. 
TC  has  been  a  gain  by  ''■*"'  "fallow  lagoou  behind  tha  barrier  is 
_.,  .  ,   ,  ,  ,  .   ,  filling  up  and  is  largely  biddon  in  vege- 

iwth  m  quiet  lagoons  which       tation. 
lOunts     to     nearly    seven 

its  that  amount.  As  evidence  of  the  straightening  of  the  shore 
6  which  results  from  this  process,  the  coast  of  the  Carolinas  or 
Nantucket  (Fig.  459)  may  serve  for  illustration. 
rhe  Iand-ti«d  island.  ^  We  have  seen  that  wave  erosion  oper- 
»  to  separate  small  islands  from  the  headlands,  but  the  shore 
rrentB  counteract  this  loss  to  the  contments  by  throwing  out 
rriers  which  join  many  separated  islands  to  the  mainland.  Such 
id-tied  islands  are  a  common  feature  on  many  rocky  coasts, 
dupon  the  New  England  coast  they  usually  have  been  given  the 
me  of  "  neck."  The  long  arc  of  Lynn  Beach  joins  the  former 
ttd  of  Nahont,  through  its  smaller  neighbor  Little  Nabant, 
the  coast  of  Massachusetts.  A  similar  land-tied  island  is 
arblehead  Neck.  The  Rock  of  Gibraltar,  formerly  an  island, 
now  joined  to  Spain  by  the  low  beach  known  as  the  "  neutral 
sund."  The  Spanish  name,  iombola,  has  sometimes  been  em- 
Jyed  to  describe  an  island  thus  connected  to  the  shore. 


'^5  aNT>  their  MEilCXt 


rrr^^. 


'-.>r^  rit^^tion  of  a  r«im**  I'H^ 
'-!*-.  si.>re,  slopes  cenir  zpoi  ifr 
ward  side,  soil  rJ•3^ 
at  the  ancif  q:  rernj?- 
the  rear  or  iMicirHn 
;  Fig.     265  .      Zbr    112 
wedge  of  short  CH=TK?rr 
"^^^  ■     the  barrier  tirro^r    r  ii 
wan!  raises  ihv  k"::   ff 
V  :r:c  K^\lst  irregulariiite  ht:  ii"?*-] 
..•.r    ujvm   the  short  ;»ji=iat 


iwriera  and  an  orjr,^  nsc 

v.:rn  a  barrier,  wi".  >:  fi'^ 
;  in  a  direction  m  jre  cc  ifia 


-f^^ 


<— 


-.•■■■    -S* 


in  Mifca. 


j».  "■•■■^k         « 


•\  r  .  . 


1.^ 


:_=■  L    •*  s" 


v.-   ,-uT<'r  ?^r  in   University  Bay  c 
V>;"  w*:tT  tvntour  intor\'a]  i«  fiw  fe*' 
.-.ik?<.>i  .-1;  di  :i:ap  by  the  Widoonain  Gcoloff 
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soon  as  the  first  barrier  is  formed,  processes  are  set  in  opera- 
rhich  tend  to  trans- 
the  newly  formed  la- 
into  land,  and  so  with 

re  of  barriers,  a  zone 
ter  liliea  between  the 
barrier  and  the  bar, 
,  and  a  land  platform 
represent  the  succes- 
tages  in  this  acquiai-  , 
of    territory  by  the   '. 

A  noteworthy  ex- 
t  of  barrier  series 
xtension  of  the  land 
d  them,  is  afforded  by  . 
ly  at  the  western  end 
;eSuperior(Fig.26S). 

iracter   profiles.  —  The   character   profiles   yielded 
of  ^ 


the 


i  are  eaay  of  recognition  (Fi 


269).  The  vertical 
cliff  with  notch  at  it« 
base  is  varied  by  the 
stack  of  sugar-loaf 
form  carved  in  softer 
rocks,  or  the  steeper 
/^oTchai^  notched  variety  cut 
from  harder  masses. 
Sea  caves  and  sea 
arches  yield  varia- 
tions of  a  curve  com- 
mon to  the  undercut 
forms.  'ftTiereverthe 
materials  of  the  shore 
are  loosely  consoli- 
dated only,  the  slop- 
iff  is  formed  at  the  angle  of  repose  of  the  materials.  The 
r  l>each,  though  projecting  but  a  short  distance  above  the 
,  shows  an  unsymmetrical  curve  of  cross  section  with 
If  slope  toward  the  land. 


'-Charflpter  profilca  rcflultiog  from 
action  upon  shores. 
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COAST  RECORDS    OF   THE   RISE    OR   FALL   OF   THE 
LAND 

The  characters  in  which  the  record  has   been   preserved.  — 

lie  peculiar  forms  into  which  the  sea  has  etched  and  molded  its 
hores  have  been  considered  in  the  last  chapter.  Of  these  the 
aore  significant  are  the  notched  rock  cliff,  the  cut  rock  terrace, 
he  sea  cave,  the  sea  arch,  the  stack,  and  the  sloping  cliff  and  ter- 
Bce,  among  the  carved  features ;  and  the  barrier  beach  and  built 
srrace,  among  the  molded  forms.  It  is  important  to  remember 
lat  the  molded  forms,  by  the  very  manner  of  their  formation, 
«nd  in  a  definite  relationship  to  the  carved  features ;  so  that 
ben  either  one  has  been  m  part  effaced  and  made  difficult  of  de- 
rtnination,  the  discovery  of  the  other  in  its  correct  natural  posi- 
>n  may  remove  all  doubt  as  to  the  origin  of  the  relic. 
In  studies  of  the  change  of  level  of  the  land,  it  is  customary  to 
ter  all  variations  to  the  sea  level  as  a  zero  plane  of  reference. 

is  not  on  this  account  necessary  to  assume  that  the  changes 
easured  from  this  arbitrary  datum  plane  are  the  absolute  up- 
ud  or  downward  oscillations  which  would  be  measured  from  the 
irth's  center ;  for  the  sea,  like  the  land,  has  Ijeen  subject  to  its 
>wiges  of  level.  There  need,  however,  be  no  apology  for  the 
se  of  the  sea  surface  as  a  plane  of  reference ;  for  it  is  all  that  we 
ive  available  for  the  purpose,  and  the  changes  in  level,  even  if 
iliitive  only,  are  of  the  greatest  significance.  It  is  probable  that 
'  most  cases  where  the  coast  line  is  rising  from  uplift,  some  por- 
''D  of  the  sea  basin  not  far  distant  is  becoming  deepened,  so  that 
*  visible  change  of  level  is  the  algebraic  sum  of  the  two  effects. 
Even  coast  line  the  mark  of  uplift.  —  It  was  early  pointed  out 

this  volume  {p.  158)  that  the  floor  of  the  sea  in  the  neighborhood 

the  land  presents  a  relatively  even  surface.     The  carving   by 
*Ves,  combined  with  the  process  of  deposition  of  sediments,  tends 

fin  up  the  minor  irregularities  of  surface  and  preserve  only  the 
245 
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features  of  larger  scale,  and  these  in  much  softoied  ou^nes. 

the  GontineQtB,  on  the  contrary,  the  running  water,  taking  i 
tage  of  every  slight  difference  iy  elevatii 
searching  out  the  hidden  structure 
within  the  rock,  soon  etches  out  a  surface 
most  intricate  detail.  The  effect  ofele 
of  the  sea  floor  into  the  light  of  day  will 
fore  be  to  produce  an  even  shore  line  de' 
harbors  (Fig.  270).  If  the  coast  hai 
along  visible  planes  of  faulting  near  t 
margin,  the  coast  line,  in  addition  to  ham 
will  usually  be  made  up  of  notably  straij 
ments  joined  to  one  another. 

A  ragged  coast  line  the  mark  of  i 
ence.  —  When  in  place  of  uplift  a  sub 
occurs  upon  the  coast,^  , 
the  intricately  etched 
surface,  resulting  from 

Fia.    270.-Tho  e^   ^"^'°''    ^"""^^^     **^« 

coMt  of  Florida,  with  sky,  comes  to  be  in- 
even  shore  line  char-  vaded     by     the    sea 
'  along  each  trench  and 
furrow,  so  that  a  most 
ragged   outline  is  the  result  (Fig.  271). 
Such  a  coast 
has    many 
h  arbors, 
while    the 

uplifted  coast  is  as  remarkabh 
lack  of  them. 

Slow  uplift  of  the  coasi 
coastal  plain  and  cuesta.  —  A  ; 
uplift  of  the  coast  is  made  a] 
in  a  progressive  retirement  of 
across  a  portion  of  its  floor,  t 
pasing  this  even  surface  of 
Fiu.  272. -Portion  of  Atlantic  sediments.    The  former  shoi 

coastal  plunandaciebborinEola-      ...  ,  ..  ■      •  • 

land  of  tho  Appalachian  mouq-  ^lU  bc  easily  recogmzed  by  Its 
tains.  surface,   which  will  now  con 


FlO.  271.  —  Rg«g«J 
of  Alaaka,  tbe  efla 
aidence. 
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larp  contrast  with  the  new  plain.  It  is  therefore  referred  to 
le  oldland  and  the  newly  exposed  coaslal  plain  aa  the  newla^ 
'ig.  272). 

But  the  near-shore  deposits  upon  the  sea  floor  had  an  initii 
blope  to  seaward,  and  this  inclination  has  been  increased 
process  of  uplift.     The  streams  from  the  oldland  have 
led  their  way  across  these  deposits  while  the  shore  was  ris- 
But  the  process  being  a  slow  one,  deposits  have  formed. 
m  the  seaward  side  of  the  plain  after  the  landward  portion  wi 
i&bove  tide,  and  the  coastal  plain  may  come  to  have  a  "belted 
Or  loned  character.     The  streams  tributary  to  those  larger  om 
("Which  have  trenched  the  plain  may  encounter  in  turn  harder  a 
Softer  layers  of  the  plain  deposits,  and  at  each  hard  layer  will 
Reflected  along  its  margin  so  as  to 
filter  the  main  streams  more  nearly 
B,t  right  angles.     They  \vi\\  also,  as 
on,  migrate  laterally  sea- 
through  undermining  of  the 
layers,   and    thus    will    be 
alternating  belts  of  lowland 
iparated    by   escarpments  in   the 
liarder  rock  from  the  residual  higher  slopes.     Belts  of  upland 
this  character  upon  a  coastal  plain  are  called  cuestas  (Fig.  273). 

The  sudden  uplifts  of  the  coasts.  ~  Elevations  of  the  coast 
"vhich  yield  the  coastal  plain  must  be  accounted  among  the 
slower  earth  movements  that  result  in  changes  of  level.  Such, 
movemeuts,  instead  of  being  accompanied  by  disastrous  et 
quakes,  were  probably  marked  by  frequent  slight  shocks  onlyJ 
by  subterranean  rumblings,  or,  it  may  be,  the  land  rose  gradu;  " 
without  manifestations  of  a  sensible  character. 

Upon  those  cosists  which  are  often  in  the  throes  of  seismic  dif 
turbonce,  u  quite  different  effect  is  to  be  observed.     Here  within 
tbe  rocks  we  will  probably  find  the  marks  of  recent  faulting  with 
large  displacements,  and  the  movements  have  been  upon  such  a 
scale  that  shore  features,  little  modified  by  subsequent  weathering, 
stand  well  above  the  present  level  of  the  seas.     Above  such  coast 
then,  we  recognize  the  characteristic  marks  of  wave  action, 
the  evidence  that  they  have  been  suddenly  uplifted  is  beyoi 
question. 


Fio.  273.  — Ideal  (om 

aDd  iutEnncdiate  lowlands  carved 
Irom  a.  coBHtal  plain  (after  Davii). 
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rTlie  apraised  cUfi.  —  Upon  the  coast  of  Bouthem  California 
ky  be  found  all  the  features  of  wave-cut  Bhoree  now  in  perfect 
tservation,  and  in  some  cases  as  much  as  fifteen  hundred  feet 
love  the  level  of  the  sea.  These  features  are  monuments  to  the 
luiclest  of  earthquake  disturbances  which  in  recent  time  have 
kited  the  re^on  (Fig.  274).  Quite  as  striking  an  example  of 
pilar  movements  is  afforded  by  notched  cliffs  in  hard  limestone 
on  the  shore  of  the  Island  of  Celebes  (Fig.  275).  But  the  coast 
\  California  furnishes  the  other  characteristic  coast  features  in  the 
h  sea  arch  and  the  stack  ae  additional  monuments  to  the  recent 


l^lift.  Let  one  but  imagine  the  stacks  which  now  'orm  the  Seal 
ocks  off  the  Cliff  House  at  San  Francisco  to  be  suddenly  raised 
bigb  above  the  sea,  and  the  fonns  which  they  would  then  present 
rould  differ  but  Uttle  from  those  which  are  shown  in  Fig.  276. 
The  uplifted  barriei  beach.  —  Within  the  reentrants  of  the 
,  the  wave-cut  cliff  is,  as  we  know,  replaced  by  the  barrier 
leh,  which  takes  its  course  across  the  entrance  to  a  bay.  After 
D  uplift,  such  a  barrier  composed  of  sand  or  shingle  should  be 
inected  with  the  headlands,  often  with  a  partially  filled  lagoon 
P^hind  it.  Its  cross  section  should  be  steep  in  the  direction  of 
e  hgpoa,  but  quite  gradual  in  front  (Fig.  277). 
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Coast  terrsces.  —  Upon  those  shores  where  to-day  h^  1 
IS  front  the  sea,  the  coast  may  generally  be  seen  to  rise  in  a 
of  terraces  (Fig.  278). 
is  notably  true  of  thosei 
which  are  to-day  raob 
earthquakes,  such  as  i 
'■if^i^^"  eastern  margin  of  Ihe  I 

from   Alaska   to   Pa  tag 
The  traveler  by  steamer  m 
the  coast  from  San  Francii 
tio  Chili  has  for  weeks  almoot  constonth  m  sight  these  gianlatc 
I  which  the  mountains  have  been  uplifted  from  the  s 


Alaska  we  are  fortunate  in  ha\'ing  the  history  of  the  lat«r  stagH 
this  uplift  (Fig.  279).  As  described  in  a  former  chapter,  portii 
of  this  shore  roee  in  the  month  of  September  of  the  year  ISK 
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some  places  as  high  as  forty-eeven  feet,  to  the  accompaniment 
a  terrific  earthquake  and  sea  wave.     Above  the  terrace 


marks  the  beach  line  of  1899  there  is  a  higher  terrace  of  similar 
form  now  overgrown  with  trees  but  none  the  less  clearly  to  be  rec- 
ognized as  a  shore  hne  of  the  past  century 
which  preceded  m  the  long  stquence  the 
uplift  of  1899. 

As  was  noted  m  our  study  of  earth 
quakes,  the  recent  instrumental  records  of 
distant  earthquakes  tell  us  thit  the  mo\e 
ments  upon  the  sea  floor  are  manj  times 
JaT^r  than  those  upon  the  continents  and 
that  while  the  moimtainous  coasts  are  gen 
erallv  rising,  the  deeps  of  the  sea  are  sink 
ing.  The  effect  of  thn  o\er  balance  of 
sinking,  or  resultant  shrinking  of  the  earth  & 
shell,  may  be  to  comprebs  the  mountain 
district  and  so  cauw  the  shore  line  to  mo\e 
landward  at  the  same  time  that  it  moves 
upward  (Fig.  280) 

The  sunk  or  embayed  coast  —  When 
now,  upon  the  other  hand  a  section  of  the 
coast  hne  sinks  with  reference  to  the  sea 
the  water  invades  all  the  near  shore  val  Fia  2Si  —  A  drowned  nvor 
le>-s,  thus  "  drowning  them  and  yielding  """^^  or^catuory  upoD  a. 
the  "drowned  ri\er  mouth      or  estuary 

■If  the  relief  of  the  shore  was  slight    as  it  generally  is   upon   a 
coastal  plain,  slight  depression  only  will  produce  broad  estuanes 


^01   ^^m 

of  ^^1 
which  ^^M 

rin  osoM  ^^^H 
similar  ^^B 
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Fio.  282.  —  ArchipelBgo  of  atcpp  Torky  iileta  due  to  Ibtec  Btilnna^Dce  of  ■  to 
haviuB  strons  relief.  Entruitce  to  EHquimult  Harbor,  Vancouver  liUad  (rf 
ApliotoccApU  by  Fairbanks). 

such  as  Chesapeake  Bay  at  I 
drowned    mouth    of  the  ' 
hanna  (Fig.  281). 

If,  on  the  other  hand,  the  res 
of  the  shore  is  strong  and  the  a 
sidence  is  large,  the  entire  co 
line  will  lie  transformed  into  . 
archipelago  of  steep-walled  r 
islets  which  rise  abruptly  from  tl 
sea  (Figs.  282 and  284).  A  plnta 
which  is  intersected  by  deep  ai 
steep- waited  valleys  of  U-secti 
(p.  341)  under  large  submergen 
yields  the  fjords  so  charact«ria 
of  Scandinavia  or  Alaska.  A  n 
ged  coa£t  line,  fringed  mtb  islai 
as  a  result  of  submergence,  is  i 
scribed  as  an  embayed  coast. 

Submerged    river    channels. 

The  sinking  of   a   coast  of  sa 

Fig.  B83. -The  submerged  Hudso-  relief  may  be  sufficient  to  CO 

man  chuDncI  which   contmueB   the      i       <  <_  -  n 

Hudson  Rivoracroaa  the  contiDoutal  P'etely    Bubmei^e     nver    vaUfi 

iheif.  whose  channels  then  begin  to 
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iediment  and  whose  courses  can  only  be  followed  in  gound- 

One  of  the  most  interesting  of  such  channels  is  that  which 
lUes  the  Hudson  River  across  the  continental  shelf  into  the 
rsea  (Fig.  283). 

ords  of  an  oEcillation  of  movement.  —  Because  a  coa^t 
ply  embayed  is  no  ground  for  assuming  that  a  subsidence 
T  in  prog- 
or  is,  in 
the  latest 
nent  re- 
1 upon the 

In  many 
it  is  easy 
that  such 

the  case, 
coast  of 
!  b  per- 
is typical 

embayed 

line    as 

lat  might 

ed,  but  a 

of     the    Fio.  284. 

Palleys  in      °'  ^" 
.   ,  ,  stone). 

neigh  bor- 

ihows  clearly  that  the  present  submergence  of  their  mouths 

action  only  of  an  earlier  one  which  has  left  a  record  of  its 

ace  in  beds  of  marine  clay  which  outline  the  earlier  and  far 

r  indentations  (Fig.  284). 

low  we  give  a  closer  examination  to  the  coast,  it  is  found 

here  are  marks  of  recent  uplift  in  an  abandoned  shore  line 

ar  above  the  reach  of  the  waves.     There  is  here,  then,  the 

1,  first  of  subsidence  and  consequent  embayment,  and,  later, 

uplift  which  has  reduced  the  raggedness  of  the  coast  outline, 

3d  the  clay  deposits,  and  raised  the  strands  of  the  period  of 

lubsidence  to  their  present  position. 

lountries  which  possess  a  more  ancient  civilization  than  our 

the  record  of  such  oscillations  in  the  level  of  the  ground  has 

imes  been  entered  upon  human  monuments,  so  that  it  is 
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aaiill'ltt- 


possible  to  date  more  or  less  definitely  the  periods  of  subsidence, 
or  elevation.  At  the  little  town  of  Pozzuoli,  upon  the  shore  o( 
the  Bay  of  Naples,  is  found  one  of  the  moat  instructive  of  tkse 
records. 

In  the  ruins  of  the  ancient  temple  of  Jupiter  Serapis  are  three 
marble    monoliths    40    feet   in   height,   curiously  marked  by  a 
roughened  surface   between  the 
heights  of  12  and  21  feet  abore 
their  pedestals  (Fig.  285).    Closer 
mspection  shows  that  thi^  fou^- 
ened  surface  has  been  produced 
by  a  marine,  rock-boring  molluek, 
the  lUhodomus,  which  hvesinllK 
waters  of  the  Bay  of  Naples,  and 
the  shells  of  this  animal  are  stiU 
to  be  found  within  the  caritJei 
Fia  355  -\.8w  of  the  th™,  Btadmg  ^        ^^^^  surface  of  the  colunm 
coliimng  of  the  temple  of  Jupiter  8e-      ^  -         i       -i      i-  i. 

rapia  B.t  PmjiioU  showing  the  dark  Without  recountmg  details  wiucli 
and  rough  band  mne  feet  iq  width  bave  been  many  times  recited 
«Heel«d  by  the  rook  l^nug  moll  ,bU  ^^^  interesting    moDU" 

whichnuwlHcm  the  Bftj  of  Naples  ,      .      „ 

mentfl  were  first  geologically  ex- 
plored by  Babbage  and  Lyell,  it  may  be  stated  that  a  record  t 
here  preserved,  first  of  subsidence  amounting  to  some  40  feet,  and 
of  subsequent  elevation,  of  the  low  coast  land  on  which  stood  lis 
temple  in  the  old  Roman  city  of  Puteoli  {Fig.  286). 

At  the  time  of  deepest  submergence  the  top  of  the  lithodomU! 
zone  upon  the  column  stood  at  the  level  of  the  water  in  the  Bay  of 
Naples,  the  smoother  lower  zone  being  buried  at.  the  time  in  'be 
Band  at  the  bottom,  and  thus  made  inaccessible  for  the  lithodonii- 
It  is  to  be  added  that  studies  made  in  the  environs  of  Poiiuoli 
have  fully  confirmed  the  changes  of  level  revealed  by  the  columns, 
through  the  discovery  of  now  elevated  shore  lines  which  are  rf 
ferable  to  the  period  of  deep  submergence. 

Simultaneous  contrary  movements  upon  a  coast.  —  In  on! 
study  of  the  changes  in  the  level  of  the  ground  that  take  pi** 
during  earthquakes,  it  was  learned  that  neighboring  sections «' 
the  earth's  crust  may  be  moved  at  different  rates  or  even  in  op- 
posite directions,  notwithstanding  the  fact  that  the  general  movf 
ment  of  the  province  b  one  of  uplift.     Thus  during  the  Abe^ 


m 


rM--^-^ 


I 


i.  S86.  — FouiioU  in  the  Srd.  9tb,  uid  20th  Ceaturiea. 
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earthquake  of  1899,  although  portions  of  the  coast  line  were  clevatwl 
by  as  much  aa  forty-seven  feet,  neighboring  sections  were  raised  by 
smaller  amounts,  and  some  small  sections  were  sunk  and  so  for 
submerged  that  the  salt  water  and  the  beach  sand  were  washed 
about  the  roots  of  forest  trees. 

A  region  racked  by  heavy  earthquakes,  where  the  present  con- 
figuration of  the  ground  speaks  strongly  for  a  movement  of  eoiw 
what  similar  nature,  but  with  average  movement  of  elevation  math 
greater  to  the  northward  than  in  the  opposite  direction,  is  the  a- 
tended  coast  line  of  Chili.     This  country  ia  characterisod  by  » 
great  central  north  and  south  valley  which  separates  the  eoW 
range  from  the  high  chain  of  the  Cordillerae  to  the  eastward,    lb 
the  southward  the  floor  of  thia  valley  descends,  and  hns  it«  eblh 
tinuance  in  the  Gulf  of  Corcovado  behind  the  island  of  CbUoBllIll 
the  Chonos  archipelago.     The  known  recent  uplift  of  the  Mtit  l' 
Chili,  particularly  in  the  northern  sections  and  during  the 
quakes  of  the  eighteenth,  nineteenth,  and   twentieth    centui 
lends  great  interest  to  this  topographic  peculiarity.     Judical 
are  not  lacking  that,  during  the  earthquake  of  Concepcion 
1835,  and  of  Valparaiso  in  1907,  the  measure  of  uplift  was  great 
to  the  north  than  it  woa  to  the  south. 

The  contrasted  islands  of  San  Clemente  and  Santa  Cataliiu. 
Perhapa  the  most  striking  example  of  simultaneous  opposite  mi 


ments  observable  in  neighboring  portions  of    the  earth's  i 
is  furnished  by  the  coast  of  southern  California.     The  coast  a 
at  San  Pedro  and  the  island  of  San  Clemente,  some  fifty  t 
this  point,  in  common  with  most  portions  of  the  neighboring  0 
land,  have  been  rising  in  interrupted  movements  from  the  Bea,a 
offer  in  rare  perfection  the  cbaracterbtic  coast  terracee  (Rg.  1 


^^^^^^HPH^H^B^^                     Plati  13 

1 

4^ 

i?^*»^                   — .-fjjp^xF^     ^- 

«d  canciD  rut  ill  uu  uplund  f.-crntly  devab-d  trnm  the  »ea,  San  Cleraente 
Island.  California  (aTler  W.  S.  TBngi'.'r-8iiiith). 

m 

iLw^a^-  ::-"" 

■- 

J 

^^^^^H 
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»nd  Fig.  278,  p.  250),  Midway  between  these  two  rising  sections 
of  the  cniat,  and  less  than  twenty-five  miles  distant  from  either,  is 
the  island  of  Santa  Catalina,  which  has  been  sinking  beneath  the 
waves,  and  apparently  at  a  similarly  rapid  rate  (Fig.  288).     The 


FWi  2^.  _  Map  of  Santa  Catalina  laUnil.  Caliroriiiit.  Bhowing  thp  characterUtio 
^^J^  of  ao  area  whicb  has  long  bcea  above  tbc  waves,  aod  the  eDtire  aheence  of 
"Wt  terrociM  (alter  U.  S.  C.  and  G.  S.). 

'''pography  of  the  island  shows  the  intricate  detail  of  a  maturely 

*firied  surface,  while  that  of  the  neighboring  San  Clemente  shows 

"%  the  widely  spaced,  deep  cafions  of  the  infantile  stage  of  erosion 

*%.  165  and  pi.  12  A).   While  Santa  Catalina  has  been  sinking, 

^an  Pedro  Hill  has  risen  1240  feet,  and  San  Clemente,  1500  feet. 

■t  is  characteristic  of  a  sinking  coast  line  that  the  cliff  recession  is 

^normally  rapid,  and  evidence  for  this  is  furnished  by  the  shores 

f  Santa  Catalina,  upon  which  the  waves  are  cutting  the  cliEfs 

*ack  into  the  beds  of  canons,  and  so  causing  small  falls  to  develop 

It  the  cafion  mouths. 

I    The  Blue  Grotto  of  Capri.  —  We  may  now  return  to  the  Bay 

■   Naples   for  additional  evidence  that  oscillations  of  level  in 

leighhoring  portions  of  the  same  coast  are  not  necessarily  syn- 

ioronous,  and  that  near-lying  sections  may  even  move  in  opposite 

wections  at  the  same  time,  as  has  already  been  shown  for  the  isl- 

puta  off  the  California  coast.     For  the  Fozzuoli  shore  of  the  bay 

It  wjis  learned  that  within  the  Christian  Era  a  complete  cycle  of 

'wnward,  followed  by  later  upward,  movement  has  been  largely 

^mplished.     Across  the  bay,  and  less  than  20  miles  distant,  is 

le  Blue  Grotto  of  Capri,  a  sea  cave  cut  in  limestone  above  an 

iriier  cave  of  the  same  nature  which  is  now  deep  below  the  water 

face.     It  is  the  refracted  sunlight  which  enters  the  cave  through 
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this  lower  submerged  opening  and  has  been  robbed  on  the  way  oi 
all  but  its  blue  rays  which  gives  to  the  famous  grotto  its  speciai 
charm  (Fig.  289). 
It  is  known  that  the  former,  and  now  submerged,  sea  cave  was 

in  use  by  Roman  patricians  as  a 
'**Xu.^    I  cool  retreat  from  the  oppressive 

ii^jr>2>  hot  wind  known  as  the  sirocco, 

\       and  that  an  artificial  entrance  or 
)  window  was  cut  where  is  now  the 
__- — ^  only  accessible  entrance  to  the 
^^^^^^^^^^  grotto.    In  the  ancient  wntings, 

^  no  mention  is  made,  however,  of 

Pio.  289.— Cross  section  of  the  Blue  the  remarkable  blue  illumination 

Grotto  on  the  Island  of  Capri,  show-   fQj.  ^hich  it  is   nOW  famOUS,  aod 

wLrrtTteT«hr»rS  the  conditions  at  the  time,  as  we 
grotto,  and  the  higher  artificial  win-  may  see,  were  not  such  as  tomake 

dow   now  widened   by   wave  action   this    possible.      Later    subsidence 
(after  von  Knebel).  ^j     ^j^^    ^^    ^^    \ytOX,^\.    the 

ancient  window  to  the  sea  level,  where  it  has  been  considerably 
enlarged  by  the  waves.  The  earlier  grotto,  abandoned  as  its 
entrance  was  closed,  was  rediscovered  in  1826  by  the  painter  and 
poet,  August  Kopisch. 

A  grotto  with  green  illumination  (the  Grotto  Verde)  is  situated 
upon  the  opposite  side  of  the  island,  and  a  blue  grotto,  having  ite 
origin  in  similar  conditions  to  those  of  the  famous  Blue  Grotto, 
is  found  upon  the  island  of  Busi  oflf  the  Dalmatian  coast. 

Character  profiles.  —  In  the  landscape  of  a  coast  which  has  been 
slowly  uplifted  the  characteristic  line  is  the  profile  of  the  cuesta, 
with  short  perpendicular  element  joined  to  a  gently  sloping  and 
longer  section  and  continued  in  the  horizontal  portion  correspond- 
ing to  the  lowland  (Fig.  290).  Rapidly  uplifted  coasts  offer  in 
contrast  the  lines  characteristic  of  wave  erosion  and  depositi(m, 
but  at  higher  levels  and  in  repeated  sections.  Most  prominent 
of  all  is  the  staircase  constructed  of  coast  terraces,  with  eithff 
vertical  or  sloping  risers  and  with  outwardly  inclining  and  gently 
graded  treads.  Near  the  steep  riser  in  the  staircase  may  some- 
times be  seen  the  sugar-loaf  outline  of  the  stack  cut  in  softer  ma- 
terial, or  the  obelisk-like  pillar  undercut  at  its  base,  which  is  carved 
in  firmer  rock  masses.     With  excessively  rapid  uplift,  the  double- 
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itched  clifE  or  the  double  sea  arch  may  appear  in  the  landscape, 
pon  a  submerged  coast  the  most  significant  lines  in  the  view 
tbose  of  the  rock  islet  and  the  steep-walled  fjord. 
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CHAPTER  XX 

THE    GLACIERS    OF    MOUHTAIM    AND    CONTINENT 

londitionB  essential  to  glaciation,  —  Wherever  for  a  suffi- 
itly  protracted  period  the  annual  snowfall  of  a  district  is  in 
esB  of  the  snow  that  is  melted,  a  residue  must  remain  from 
:h  season  to  be  added  to  that  of  succeeding  ones.  Eventually 
much  snow  will  have  accumulated  that  under  its  own  weight 
in  obedience  to  its  peculiar  properties,  a  movement  will  begin 
khin  the  mass  tending  to  spread  it  and  so  to  reduce  the  slope 
its  upper  surface  {Frontispiece  plate).  The  conditions  favorable 
ion  are,  therefore,  heavy  precipitation  and  low  annual 
If  the  precipitation  is  scanty,  the  small  snowfall 
Ited ;  and  if  the  temperature  be  too  high,  the  moisture 
:ated  not  in  the  form  of  snow  but  as  rain.  It  is  impor- 
here  to  keep  in  mind  that  snow  is  a  poor  heat  conductor 
itself  protects  its  deeper  layers  from  melting. 

-line.  —  Because  of  the  low  temperatures  glaciers 
most  abundant  or  most  extensive  in  high  latitudes  and 
ititudes.  The  largest  are  found  in  polar  and  sub-polar 
[•and  they  are  elsewhere  encountered  only  at  considerable 
adonfi.  The  largest  glaciers  are  the  vast  sheets  of  ice  which 
Lp  the  continents  of  Greenland  and  Antarctica,  but  glaciers 
■ge  size  are  to  be  found  upon  other  large  land  masses  of  the 
relic,  as  well  as  in  Alaska,  in  the  southern  Andes,  and  in  New 
aland.  Much  smaller  glaciers  are  characteristic  of  certain 
jhlands  within  temperate  and  tropical  regions,  but  because 
specially  favorable  conditions  both  of  altitude  and  precipi- 
tion  the  Himalayas,  although  in  relatively  low  latitudes,  nourish 
aciers  of  large  proportions.  In  general,  it  may  be  said  that 
nourishing  grounds  of  glaciers  are  largely  restricted  to  those 
a  where  snow  covers  the  ground  throughout  the  year.  The 
wer  mar^  of  such  areas  is  designated  the  snow  line,  and  varies 
little  from  the  line  on  which  the  average  summer  tempers- 
is  at  the  freezing  point  of  water  —  the  so-called  eummer 
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isotherm  of  32^  Fahrenheit.  Within  the  tropics  this  Une  n 
rise  as  high  as  18,000  feet  above  the  sea,  whereas  in  pdar  k 
tudes  it  descends  to  sea  level. 

Importance  of  mountain  barriers  in  initiating  ^aden. — 1 

precipitation  within  any  district  depends,  however,  not  ak 
upon  the  amount  of  moisture  which  is  brought  to  it  in  the  doa 
but  upon  the  amount  which  is  abstracted  before  the  clouds  hi 
passed  over  it.  The  capacity  of  space  to  hold  moisture  incra 
with  its  temperature,  and  hence  any  lowering  of  this  temperat 
will  reduce  the  capacity.  If  lowered  sufficiently,  the  point 
complete  saturation  will  be  reached  and  further  cooling  q 
result  in  precipitation.  Hence,  anything  which  forces  an 
current  to  rise  into  more  rarefied  zones  above,  will  lower  the  p 
sure  upon  it  and  so  bring  about  a  cooling  effect  in  which  no  I 
is  abstracted.  This  so-called  adiabatic  refrigeration  of  a 
may  be  illustrated  by  the  cool  current  which  issues  in  a  jet  f 
a  warm  expanded  rubber  tire  after  the  cock  has  been  opened 
even  better,  by  the  instant  solidification  at  extreme  low  temp 
tures  of  such  normal  gases  as  carbonic  acid  when  they  are  alio 
to  issue  under  heavy  pressure  from  a  small  orifice. 

As  applied  to  moisture-laden  and  near-surface  winds, 
effective  agents  of  adiabatic  cooling  are  the  upland  areas  i 
the  continents,  and  especially  the  ranges  of  mountains.  T 
barriers  force  the  moving  clouds  to  rise,  cool,  and  deposit  1 
moisture.  It  is,  therefore,  the  highland  barriers  which  face 
on-coming,  moisture-laden  winds  that  receive  the  heaviest 
cipitation.  Within  temperate  regions,  because  of  the  preval* 
of  westerly  winds,  those  barriers  which  face  the  western  sb 
receive  the  heaviest  fall.  Within  the  tropics,  on  the  other  h 
it  is  the  barriers  facing  the  eastern  shores  which,  because  of 
easterly  "  trades,  ^^  are  most  favorable  to  precipitation. 

Thus  it  is  in  the  Sierra  Nevadas  of  California,  and  not  in 
Rockies  or  the  Appalachians,  that  the  glaciers  of  the  United  St 
are  found.  The  highland  of  the  Swiss  Alps  lying  likewise  atb 
the  "  westerlies"  of  the  temperate  zone  acquires  the  moisi 
for  nourishment  of  its  glaciers  from  the  western  ocean  —  1 
the  Atlantic  (Fig.  291).  Within  the  tropics  the  conditions 
reversed,  and  it  is  in  general  the  ranges  which  lie  nearer  the  east 
coasts  that  are  the  more  favored.    If  no  barrier  is  found  u] 


Sensitiveness  of  glaciers  to  temperature  changes.  —  How' 
sensitive  is  the  adjustment  between  snow  precipitation  and  tem- 
perature may  be  strikingly  illustrated  by  the  statement  on  ex- 
cellent authority  that  if  the  average  annual  temperature  of  the  air 
within  the  Scottish  Highlands  should  be  lowered  by  only  three 
degrees  Fahrenheit,  small  glaciera  would  be  the  result;  and  a' 
moderate  temperature  fall  within  the  region  surrounding  the 
Laurentian  lakes  of  North  America  would  bring  on  glaciation, 
otherwise  expressed  as  a  depression  ot  the  snow  line  of  the  regioi 
The  cycle  of  glaciation.  —  Though  to-day  buried  beneath  ita' 
itle,  it  is  known  that  Greenland  had  more  than  once  in  earlier 
ical  ages  a  notably  mild  climate,  and  in  some  future  age 
revert  to  this  condition.  In  other  regions,  also,. we  have 
e  that  such  a  rotation  of  climatic  changes  has  been  sue- 
ly  accomplished,  the  climate  having  steadily  increased 
'  towards  a  culminating  point,  and  been  followed  by 
series  of  changes.  Such  a  complete  period  may  be  called 
e  of  glaciation.  While  the  climate  is  steadily  becoming 
rigorous,  we  have  to  do  with  an  advancing  hemicyde  of 


a 
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glaciation,  but  after  the  culmmating  point  has  been  reached,  1 
period  of  amelioration  of  climate  is  the  receding  hemicycU. 

The  advancing  hemicycle.  ^  There  is  little  reason  to  Aon 
that  whatever  be  the  cause  of  the  climatic  changes  which  brj 
on  glacial  conditions,  these  changes  come  on  by  insensible  gru 
tioQs.  The  first  visible  evidence  of  the  increased  severity 
the  climate  is  the  longer  persistence  of  the  winter  snows,  at  & 
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within  the  more  elevated  districts.  In  such  podtions  drifts 
eventually  continue  throughout  the  warm  BeasoQ  and  so  cerf 
tribute  to  the  snow  accumulations  of  the  succeeding  winter.  This 
point  once  reached,  small  glaciers  are  inevitable,  even  should  the 
average  temperature  fall  no  further,  for  the  snow  left  over  in 
each  season  must  steadily  increase  the  depth  of  the  deposits  until 
the  weight  brings  about  an  internal  motion  of  the  mass  from  higher 
to  lower  levels. 

The  inherited  depressions  of  the  upland  —  the  gentle  hollows 
at  the  heads  of  rivers  —  will  first  be  filled,  and  bo  the  valleys 
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[ow  become  the  natural  cbannels  for  the  outflow  of  the  early 
Lciers.  With  a  continued  lowering  of  the  annual  temperature 
d  consequent  increased  snowfall,  the  early  glaciers  become 
are  and  more  amply  nourished.  Snow  and  ice  will,  therefore, 
ver  larger  areas  of  the  upland,  and  the  glaciers  will  push  their 
)nts  farther  down  the  valleys  before  they  are  wasted  in  the 
um  air  of  the  lower  levels.  As  the  valleys  become  thus  more 
impletely  invested  by  the  glacier  they  are  likewise  filled  to  greater 
id  greater  depths,  and  they  may  thus  submerge  portions  of  the 
'alls  that  separate  adjacent  valleys,  Ueachiog  at  last  the  front 
t  the  upland  area,  the  glaciers  may  now  l>e  so  well  nouriahod  at 
heir  beads  that  they  push  out  upon  the  flatter  foreland  and  with- 
^t  restraint  from  retaining  walls  sjiread  broadly  upon  it  (Fig.  292). 
The  culmination  of  the  progressive  climatic  change  may  ere 
his  have  been  reached  and  milder  conditions  have  ensued.  If, 
lowever.  the  severity  of  the  climate  should  be  still  further  in- 
sreased,  the  expanded  fronts  of  neighboring  glaciers  will  coalesce 
in  form  a  common  ice  fan  or  apron  along  the  foot  of  the  upland 
ITIate  18  B),  This  could  hardly  take  place  without  a  still  further 
Jeepening  of  the  ice  within  the  valleys  above,  and,  probably,  a 
irogressive  submergence  of  the  lower  crests  in  the  valley  walls. 


Iq.  203.  —  SurT&oe  of  a  glHcier  whosd  upper  layers  spread  with  alight  r 
(ram  retuoipg  walls.    SurTaoe  of  the  FolKefand,  an  ioe  cap  of  aouthem  Norway. 
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This  may  even  contmiie  until  ail  parts  of  the  upland  ^ea  tiai 
been  buried.  The  snow  and  ice  now  take  the  form  of  a  eovtriia 
cap  or  carapace,  and  the  upper  portions  being  no  longer  restr^wj 
at  the  sides,  now  spread  into  a  broad  dome,  as  would  a  viscoiH 
liquid  like  thick  molasses  when  poured  out  upon  the  floor  (Ti(  ^ 
293).  The  lower  zones  of  the  mass  and  the  thinner  margiml 
portions  still  have  their  motion  to  a  greater  or  less  extent  cot 
trolled  by  the  irregularity  of  the  rock  floor  against  whicli  they  rwt 

The  reverse  series  of  changes  in  the  glacier  is  inaugurated  by 
amelioration  of  the  climate,  and  here,  therefore,  the  advaiii3B| 
hemicycle  becomes  merged  in  the  receding  heraicycle  of  f^ita 
tion. 

Coatineatal  and  mountain  glaciers  contrasted.  —  The  ' 
when  the  rock  surface  becomes  submerged  beneath  the  gll 
is,  as  regards  both  the  surface  forms  and  the  erosive  work,  acnit  ■ 
cal  point  of  much  significance ;  for  the  ice  cap  and  larger  OOOti 
nental  glacier  obviously  protect  the  rock  surface  from  the  artitt 
of  those  chemical  and  mechanical  processes  in  which  the  atmcwpbert  . 
enters  as  chief  agent,  and  which  are  collectively  known  as  aeafr 
ering  processes.  Until  submergence  is  accomplished,  larger  « 
smaller,  portions  of  the  rock  surface  project  either  througb 
between  the  ice  masses  and  are,  therefore,  exposed  to  din 
attack  by  the  weather  (see  below,  p.  370). 

Snow  which  falls  in  the  mountains  is  not   allowed  to  rem 
long  where  it  falls.     By  the  first  high  wind  it  is  swept  off  tl* 
more  elevated  and  exposed  surfaces  and  collected  under  eddis  il 
any  existing  hollows,  but  especially  those  upon  the  lee  slopes 
the  range.     We  are  to  learn  that  glaciers  carve  the  mountains  \lf 
enlarging  the  hollows  which  they  find  and  producing  great  baaK 
for  the  collection  of  their  snows ;   but  with  the  initiation  d 
ciation  the  inherited  hollows  are  in  most  cases  the  unimportaot 
depressions  at  the  heads  of  streams.     Whatever  they  may  ba 
and  however  formed,  the  snow  first  fills  those  hollows  which  »n  1 
sheltered  from   the  wind,   and  as  it  accumulates    and  becoma . 
distributed  as  ice,  assumes  a  surface  of  its  own  that  is  dependent  j 
upon  the  form  and  the  position  of  the  basin  which  it  oocu[MS 
(see  Fig.  294). 

When  the  quantity  of  accumulated  snow  is  so  great  that  bB 
hollows  of  the  rock  surface  are  filled,  its  own  surface  is  no  loaget 
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atrolled  by  retaining  rock  walls,  and  it  now  assumes   a  form 
gdy  independent  of  the  irregularities  in   the  upland.     Expe- 


)a,  2M.  —  Section  throuEh  a  nu 
'  mtwe  ie  determined  by  the  ir. 


lence  shows  that  this  surface  is  approximately  that  of  a  flat  dome 
|r  shield,  and  as  it  covers  all  the  upland,  save  where  the  ice  thins 
^  its  margins,  this  type  of  glacier  is  called  an  ice  cap  (Fig. 
B5).  All  types  of  glacier  in  which  rock  projecta  above  the 
I'jAesf  levels  of  the  ice  and  snow  are  known  as  mountain  glaciers. 


The  flat  domes  of  ice  which  mantle  the  continents  of  Green- 
od  and  Antarctica,  though  resembling  in  form  the  smaller  ice 
P,  are  yet  because  of  their  vast  size  so  distinct  from  them,  par- 
lularly  in  the  manner  of  their  nourishment,  that  they  belong  in 
separate  class  describeil  as  inland  ice  or  conlinenlal  glaciers. 
lOUgh  they  have  some  aEBnitiea  with  ice  caps,  they  are  most 
arply  differentiated  from  all  types  of  mountain  glaciers.  Of  them 
is  true  that  the  lithosphere  projects  through  them  only  in  the 
ighborhood  of  their  margins  (Fig.  296),  whereas  in  the  case  of 
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mountain  glaciers  rock  may  project  at  any  level  but  olirays  obow 
the  highest  snme  surface.  Ice  caps  may  be  regarded  as  intenne- 
diate  between  the  two  main  classes  of  mountjun  and  continenul 
glaciers  (Fig.  297).     Because  of  the  large  rSIc  which  eontinenul 


Fm.  297.  —  View  of  the  Eyrilcs-JokuU.  a.a  ice-oap  of  Iceland  (after  GrawDuii). 

glaciers  have  played  in  geological  history,  it  is  thought  best  t«  coiv- 
sider  them  first,  lea^-ing  for  later  discussion  the  no  less  inwreet- 
ing  but  less  important  mountain  glaciers. 

The  nourishment  of  glaciers.  —  The  life  of  a  glacier  is  depend- 
ent upon  the  continued  deposition  of  snow  in  aggregate  amount 
in  excess  of  that  which  is  lost  by  melting  or  by  other  depleting 
processes.  Whenever,  on  the  other  hand,  the  waste  exceeds  the 
precipitation,  the  glacier  is  in  a  receding  condition  and  ma«t 
eventually  disappear,  if  such  conditions  are  sufficiently  lot^  con- 
tinued. The  source  of  the  snow  is  the  water  of  the  ocean  evapo- 
rated into  the  atmosphere  and  transported  over  the  land  in  the 
form  of  clouds.  We  are  to  learn  that  the  changes  which  this 
moisture  imdergoes  before  its  delivery  to  the  glacier  are  notsbly 
diiferent  for  the  classes  of  continental  and  mountain  glader. 

The  upper  and  lower  cloud  zones  of  the  atmosphere.  ^  Be- 
fore we  can  comprehend  the  nature  of  the  proceases  by  which  gla- 
ciers are  nourished,  it  will  be  necessary  to  review  the  result?  of 
recent  studies  made  upon  the  earth's  atmospheric  envelope.  It 
must  be  kept  in  mind  that  the  sun's  rays  are  chie8y  effective  in 
warming  the  atmosphere  through  being  first  absorbed  by  saoe 
solid  body  such  as  rock  or  water  and  their  heat  then  comraunical*d 
by  contact  to  the  immediately  adjacent  air  layers.  The  layers  tbus 
wanned  being  now  lighter  than  before,  they  rise  and  are  replaced 
by  colder  air,  which  in  its  turn  is  warmed  and  likewise  set  in  ap- 
ward  motion,  Such  currents  developed  in  the  air  by  contsrt 
with  warmer  solid  bodies  constitute  the  process  known  as  ctui- 
vection. 
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'o  a  relatively  small  degree  the  atmosphere  ia  heated  by  the 
(&ect  absorption  of  the  sun's  rays  which  pass  through  it.  Since 
air  has  weight,  it  compresses  the  lower  layers  near  the  earth,  and 
bence  as  we  ascend  from  the  earth's  surface  the  air  becomes  con- 
tinually lighter.  Convection  currents  must,  therefore,  adjust 
themselves  by  the  air  expanding  as  it  rises.  But  expansion  of 
gas  always  results  In  its  cooling,  as  every  one  must  have  obser' 
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Win.  296.  —  The  uiies  of  the  lav 


tttmosphero  ax  revealed  by  recent  Idte  ani 


who  has  placed  his  finger  in  the  air  current  which  escapes  from 
the  open  valve  of  a  warm  rubber  tire.  Dry  air  is  cooled  a  degree 
Fahrenheit  for  every  six  hundred  feet  of  ascent  in  the  atmos- 
phere. At  a  height  of  about  seven  miles  above  the  earth's  sur- 
face all  rising  air  currents  have  cooled  to  about  68°  below  the 
zero  of  the  Fahrenheit  scale,  and  exploration  with  balloons  has 
that  the  currents  rise  no  farther.    At  this  level  they 
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move  horizontally,  just  as  rising  vapor  spreads  out  in  a  room  be- 
neath the  ceiling.  Above  this  level,  as  far  as  exploration  has  gone, 
or  to  a  height  of  more  than  twelve  miles,  the  temperature  remains 
nearly  constant,  and  this  upper  zone  is,  therefore,  called  the  iso- 
thermal  or  the  advective  zone  —  the  imiform  temi)erature  zone 
of  the  lower  atmosphere.  Beneath  the  convective  ceiling  the 
process  of  convection  is  characteristic,  and  this  zone  is  therefore 
described  as  the  convective  zone  (Fig.  298). 

A  large  part  of  the  moisture  which  rises  from  the  ocean's  sm^ 
face  is  condensed  to  vapor  before  it  has  ascended  three  miles,  and  in 
this  form  it  makes  its  transit  over  land  as  fleecy  or  stratiform 
clouds  —  the  so-called  cumulus  and  stratus  clouds  and  their  many 
intermediate  varieties  (see  Frontispiece).  This  lower  layer  within 
the  convective  zone  is,  therefore,  a  moist  one  overlaid  by  a  rela- 
tively drier  middle  layer  of  the  convective  zone.  That  mois- 
ture which  rises  above  the  lower  cloud  layer  is  congealed  by  adia- 
batic  cooling  to  fine  ice  needles  visible  as  the  so-called  cirrus 
clouds  which  float  as  feathery  fronds  beneath  the  convective 
ceiling  (see  frontispiece  at  right  upper  comer  of  picture).  Thus 
we  have  within  the  convective  zone  an  upper  layer  more  or  less 
charged  with  water  in  the  form  of  ice  needles.  It  is  the  clouds 
of  the  lower  zone  whose  moisture  in  the  form  of  vapor  supplies 
the  nourishment  of  mountain  glaciers,  and  the  high  cirrus  clouds 
whose  congealed  moisture,  after  interesting  transformations,  is 
responsible   for  the  continued  existence  of  continental  glaciers. 

As  we  are  to  see,  there  are  other  noteworthy  differences  be- 
tween continental  and  mountain  glaciers,  in  the  manner  of  their 
sculpture  of  the  lithosphere,  so  that  long  after  they  have  disap- 
peared the  characters  of  each  are  easily  identifled  in  their  handi- 
work. How  the  lower  clouds  are  forced  upward  and  so  compelled 
to  give  up  their  moisture  to  feed  the  mountain  glaciers,  and  how 
the  upper  clouds  are  pulled  downward  to  nourish  the  glaciers  of 
continents,  can  be  best  understood  after  the  characteristics  of 
each  glacier  class  have  been  studied. 
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DHTIHENTAL    GLACIERS    OF    POLAR    REGIONS  ' 

■nd  ice  of  Greenland.  —  In  Greenland  and  in  Aiitarc- 
md  is  almost  or  quite  buried  under  a  cover  of  enow  and- 
o-p ailed  "  inland  ice  " 
always  assumes  the 

a  very  flat  dome  or 
n  Greenland  there  is 

mar^nal  ribbon  of 
srally  from  five  to 
re  miles  in  width 
),  but  in  Antarctica 
ind,  wth  the  excep- 
few  mountain  peaks, 
ped  in  a  mantle  of 
is  also  extended  upon 
a  broad  shelf  of  snow 
N  Pit  her  of  these  vast 
as  been  explored  ex- 
ts  marginal  portion, 

is  the  symmetry  of 
les  along  the  routes 
I  and  such  the  flat- 
nonotony  of  the  anow 
rithin  the  margins, 
e  is  little  reason  to 
at  the  profile  made  F"*- 
isen's  route  in  south- 
land would,  save  only 
tude,  fairly  represent  a  section  across  the  middle  of  the 
(Fig.  300). 


)9.  —  Map  of  GrcL-niaod  HhowiDK  Uio 
of  iutaad-ice  and  the  routra  ii[  differ- 
eat  explorers. 


>uatain  rampart  and   its  portals.  — As 
e  coastal  belt  we  observe   that  the 


soon  as  we  ex- 
'  Great  Ice  "  of 
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Greenland  is  held  in  by  a  wall  of  mountains  and  so  prevented  b 
spreading  out  to  its  natural  Eurface  in  the  mai^nsl  | 
Through  portals  of    the   inclosing  mountain   ranges  —  the  § 
lets  — it  sends  out  tongues  of  ice  which  in  many  respects  r 
certain  types  of  mountain  glaciers. 


Fia.300. — Profile  ID  natural  proportions  acrora  the  Bouthprii  ifiid  of  thn  r 
Elscier  of  Greenland,  conslrurtixl  upou  au  arr  of  the  eartb'a  mirln-tm 
upon  Naoaen'B  profile  corrected  by  Hesa.     The  marginBl  ponlons  o(  tlw  p 
are  represeated  below  upon  a,  magnified  scale  in  ordi^r  lo  bring  ou 
uf  the  margiQal  Elopea. 

Such  measurements  as  have  been  made  upon  the  i 
of  Greenland  at  points  back  from,  but  yet  comparatively  n 
the  outlets,  show  that  it  has  here  a  surface  rate  of  motion  amoid 
ing  to  less  than  an  inch  per  day,  and  it  is  highly  probable  that  al 
moderate  distances   from   the  margin  this  amount  dinii!ii*be= 
zero.     Upon  the  outlets,  on  the  contrary,  surface  rates  ;     '   -' 
59  feet  per  day  have  been  measured,  and  even  100  feet  [• 
been  reported.     We  are  thus  justified  in  saying  that  pi.. 
within  the  outlets  is  from  700  to  1000  times  as  great  a 
the  near-by  inland  ice,  and  that  the  glacier  is  in  a  D 
throu^  the  portals  of  the  inclosing  ranges.     Baclcfl 
outlet  streams  of  ice,  or  tongues,  the  surface  of  the  { 
depressed  to  form  a  dimple  or  "  basin  of  exudation  "  i 
face  of  a  reservoir  above  the  raceway  when  the  water  Is  b 
drawn  away  (Fig.  301). 

Fissures  in  the  ice,  the  so-called  crevasses,  are  i 
marks  of  ice  movement,  and  these  are  always  conoetttt 
steep  slopes  of  the  ice  surface  in  the  neighborhood  c 
Upon  the  Greenland  ice,  crevasses  arc  restricted  in  I 
tion  to  a  zone  which  ext«nds  from  seven  to  twenty 
within  the  ice  border.  

The  marginal  rock  islands.  —  From  its  margin  the  ice  surfHl 
rises  so  steeply  as  to  be  climbed  only  with  difficulty,  but  tlo) 
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sadily  diminishes  until  at  a  distance  of  between  seventy-j 
lUndred  miles  its  slope  is  less  than  two  degrees.  Wherel 
Nansen  near  latitude  64°  N.  the  broad  central  area  ofj 

nearly  level  as  to 
le  a  plain. 

as  across  the  irregu- 
■^  in  the  direction 
ior,  larger  and  larger 
1  of  the  land's  sur- 
bmerged,  until  only 

peaks   rise    alwve 

islands  which   are 

tB   nuncdaka   (Fig. 


not  a  universal  ob- 
it has  been  often 
b  the  absorption  of 
■ays  by  rock  masses 
through  the  snow 
a  radiation  of  the 
lowering  by  melting 
rounding  snow  and 
■his  reason  nunataks 
jrrounded  by  a  deep 
to  a  melting  of  the 
cb  a  depression  in 
face  about  the  mar- 
unatak,  from  its  re- 
to  a  trench  about 
t  castle,  has  been 
a  moat  {Fig.  303). 
me  reason,  the  out- 
of  ice  which  deacenci 
rds  iietween  walls  of 
melted  away  from 
md  a  lateral  stream 
is  sometimes  found 
itween  ice  and  rock 


Fio.  301.  — Mop  of  a  gladi 
dimple  showing  above  and   due   tu  iij- 
draught  of  the  ice.   UnriBDiikEiard,  Green' 
land  (alter  von  DtyEalsio)' 
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Fig.  302.  —  Edgp  nf  the  Greenland  inlund  Ue 
showing  the  nunatukfl  dunjniflhins  ui  aise  toward 
the  interior.  The  lineB  upon  the  iev  arc  medial 
starting  from  nunataks  (after  Libbcy). 


Rock  fragments   wbich   travel   with   the  ice.  —  Rock  surfiiM 

whinh  arc  exposed  to  the  atmosphere  are  in  high  latitudes  brokea 
down  through  the  frn?»" 
ing  of  water  within  tiieir 
crevices.  Thp  frag- 
ments resulting  ftoni 
this  rending  procesa  bll 
upon  the  glacier  airfiM 
and  are  carried  fonmd 
as  passengers  in  tho<li* 
rection  of  the  ice  aai- 
gin.  They  are  eitbff 
visible  as  long  and  aa- 
row  ridges  or  train*  fol- 
lowing the  directions  d 
the  steepest  slope  {Vif, 
302),  or  they  become  burierl  under  fresh  falls  of  snow  and  only 
again  become  visible  where  summer  melting  has  lowered  the  glaciw 
surface  in  the  vicinity  of  its  margin.  These  longitudinal  trains  of 
rock  fragments  upon  the  glacier  surface  always  have  their  starting 
point  at  the  lower  margin  of  one  of  the  nunataks,  and  are  knoira 
as  medial  moraines  fFig.  301.  p.  273,  and  Fig.  302).  losliii 
the  zone  of  nunataks  the  glacier  surface  is,  however,  clear  of  roct 
debris  except  where  dust  has 
been  blown  on  by  the  wind, 
and  this  extends  for  a  few 
miles  only.  The  material  of 
the  medial  moraines  is  a  col- 
lection of  angular  1) locks  whose 
surfaces  are  the  result  of  frost 
rending,  for  in  their  travel 
ai>ove  the  ice  they  are  sub-  - 
jccted    to  no   abrading  pro- 

A  contrasted  type  of  surface 


glacier,  instead  of  being  par- 
allel to  the  direction  of  ice  movement,  is  directed  transvf 
parallel  to  the  marf^ns.     The  materials  of  these  morainesj 
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lore  rounded  fragments  of  rock  which  have  come  up  from  the 
ottom  layers,  and  we  shall  again  refer  to  the  origin  of  such 
lOraJnes  after  the  subglacial  conditions  have  been  considered. 

The  grinding  mill  beneath  the  ice.  —  If,  now,  we  examine  the 
ront  of  a  glacier  tongue  which  goes  out  from  the  inland  ice,  we 
jnd  that  while  the  upper  portion  is  white  and  mainly  free  from  rock 
Ittiria  (plate  13  A),  the  lower  zone  is  of  a  dark  color  and  crowded 
irith  layers  of  pebbles  and  bowlders  which  have  been  planed, 
polished,  and  scratched  in  a  quite  remarkable  manner.  The  ice 
boat  is  itself  subject  to  forward  and  retrograde  migrations  of  short 
period,  but  it  is  easily  seen  that  in  the  main  its  larger  movement 
im  been  a  retrograde  one.  The  ground  from  which  it  has  lately 
irithdrawQ  is  generally  a  hard  rock  floor  unweathered,  but  smooth, 
(idished,  and  scratched  in  the  same  manner  aa  the  bowlders  which 
Itt  imbedded  within  the  ice.  It  is  perfectly  apparent  that  the 
lrtt«r  have  been  derived  from  some  portion  of  the  rock  basement 
ipoa  which  the  glacier  still  rests,  and  that  floor  and  bowlders  have 
llike  been  ground  smooth  by  mutual  contact  under  pressure. 

This  erosion  beneath  the  ice  is  accomplished  by  two  processes; 
tamely,  plucking  and  abrasion.  Wherever  the  rock  over  which 
be  glacier  moves  has  stood  up  in  projecting  masses  and  is  riven 
-y  fissure  planes  of  any  kind,  the  ice  has  found  it  easy  to  remove 
t  in  larger  or  smaller  fragments  by  a  quarrying  process  described 
8  plucking.  The  rock  may  be  said  to  be  torn  away  in  blocks  which 
n  largely  bounded  by  the  preexisting  fissure  planes.  Over  rela- 
S^ly  even  surfaces  plucking  has  little  importance,  but  where 
here  are  noteworthy  inequalities  of  surface  upon  the  glacier  bed, 
hoae  sides  which  are  away  from  the  oncoming  ice  (lee  aide)  are 
legraded  by  plucking  in  such  a  manner  as  sometimes  to  leave 
iteep  and  ragged  fracture  surfaces.  The  tools  of  the  ice  thus  ac- 
luired  in  the  process  of  plucking  are  quickly  frozen  into  the  lowest 
ce  layers,  and  being  now  dragged  along  the  floor  they  abrade  in 
Ae  Bame  manner  as  does  a  ra.'^p  or  file.  These  tools  of  the  ice  are 
iemselves  worn  away  in  the  process  and  are  th\i3  given  their 
sharacteriatic  aliapea.  Just  as  the  lapidary  grinds  the  surface  of 
I  jewel  into  facets  by  imbedding  the  gem  in  a  matrix,  first  in  one 
fd  then  in  another  position,  each  time  wearing  down  the  pro- 
acting  irregularities  through  contact  nnth  the  abrading  surface ; 
opi  like  manner  the  rock  fragment  is  held  fast  at  the  bottom  of 
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the  glacier  until  "  soled  "  or  "  shod,"  first  upon  one  ade  and  tl 
upon  another.  Accidental  contact  with  some  obstruction  upd 
the  floor  may  suffice  to  turn  the  fragment  and  so  expose  a  new  ^ 
face  to  wear  upon  the  abrading  floor.  Minor  obstnictionB  o 
ing  in  contact  with  one  side  of  the  fragment  only,  may  tura  in 
its  own  plane  without  overturning.  Evidence  of  such  intent 
tiona  can  be  later  read  in  the  different  directions  of  striK  u 
the  same  facet  (plate  17  A). 

The  floor  beneath  the  glacier  is  reduced  by  the  abrading  pro 
to  a  more  or  less  smooth  and  generally  flattened  or  rounded  s 
face  —  the  so-called  glacier  pavement  (Fig.  304).     To  accomplill 
this  all  former  mantle  n 
due  to  weathering  pro 
must  first  be  t-leared  awl 
and  the  firm  unaltered  n 
beneath  is  wherevei 
tible  of  it  given  a  smooth  1 
polish    although    locallr  I 
scored  and  scratched  by  Ik  1 
grinding  bowlders.    The  I 
earlier    projections   of  ihtm 
F,^-j<^.^A>;i.r\..p...^.^i.iF.^^C^    surface  of  the  floor,  if  a 
budiforuuit  uge  id  South  Africa,     Thp  sUias  .     . 

nlnning  in  the  direcUon  of  Ihe  observer  are     entu^ly    planed    away,. 
prominent  and  a.  ooteworthy  gougJog  of  the      at     leaat     transfofmol 

0  be  noted  to  tb«  right  in  the  funded  shoulders  of 
which  from  their 
blance  to  closely  crowded  backs  in  a  flock  of  sheep  have 
called  "sheep  backs"  or  "roches  moutonnies."  Thus  the  eS« 
of  the  combined  action  of  the  processes  of  plucking  and  abi 
is  to  reduce  the  accent  of  the  relief  and  to  mold  the  contours 
the  rock  in  smoothly  flowing  curves,  generally  of  large  radius. 
The  lifting  of  the  grinding  tools  and  their  incoipar*^ 
within  the  ice.  —  Wherever  the  ice  is  locally  held  in  check  by 
projecting  nunataks,  relief  is  found  between  such  obetrui 
and  there  the  flow  of  the  ice  has  a  correspondingly  increased 
locity  (Fig.  305  h).  If  the  obstructions  are  not  of  large  dirai 
the  ice  which  flows  around  the  outer  edges  is  soon  joined  to 
which  passes  between  the  obstructions  and  so  normal  condil 
^  of  flow  are  restored  below  the  nunataks.    The  locally  rapid 
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le  ice  is,  therefore,  restricted  to  a  relatively  short  distance,  the 
ligewsy  between  the  nunataks,  and  the  conditions  are  thus 
e  likened  to  the  fall  of  water  at  a  raceway  due  to  the  sudden 
ent  of  its  surface  from  the  level  of  the  reservoir  to  the  level  of 
Itream  in  the  outlet.  As  is  well  known,  there  is  under  these 
tilions  a  prodigious  scour  upon  the  bottom  which  tends  to  dig 
t  just  above  and  below  the  dam  —  a  scape  colk  —  and  carry 
paaterials  up  to  the  surface  below  the  pit.  Such  a  tendency 
well  illustrated  by  the  behavior  of  the  water  at  the  opening 
le  Neu  Haufen  dam  below  the  city  of  Vienna  (Fig.  305  a).     In 


■05.  —  a.  Map  Bhowing  pit  excavated  by  the  current  below  the  opening  in  a 
n.  6,  Nunatalis  and  BUrfaeo  moraines  on  the  Greenland  ice.  Dalager'a 
pataks  (alter  Suen). 

case  of  ice,  material  from  the  bottom  may  by  the  upward  cur- 
I  be  brought  up  to  the  surface  of  the  glacier  at  the  lower  edge 
be  colk  and  thus  produce  a  type  of  local  surface  moraine  of 
leshoe  form  with  its  direction  generally  transverse  to  the  direc- 
,of  ice  movement  (Fig.  305  b). 

ny  obstruction  upon  the  pavement  of  the  glacier  apparently 
ts  a  larger  or  smaller  tendency  to  elevate  the  bowlders  and 
Hea  and  incorporate  them  within  the  ice.  Rock  debris  thus 
rporated  is  described  as  englactal  drift.  In  the  case  of  Green- 
I  glaciers  this  material  seems  at  the  ice  front  to  be  largely  re- 
sted to  the  lower  100  feet  (plate  13  A). 

ear  the  front  of  the  inland  ice  the  increased  slope  of  the  upper 
a  greatly  increases  the  6ow  of  the  upper  ice  layers  in  com- 


278  EARTH  FEATURES  AND  THEIR  MEANING 

parison  with  those  nearer  the  bottom,  so  that  the  upper  layen 
override  the  lower  as  they  would  an  obstruction.  The  eng^aciil 
drift  is  either  for  this  reason  or  because  of  rock  obstructiooi 
brought  to  the  surface,  where  it  yields  parallel  ridges  correspondim 
in  direction  to  the  glacier  margin.  Such  transverse  surface  mo- 
raines are  thus  in  many  respects  analogous  to  those  which  ap> 
pear  about  the  lower  margins  of  scape  colks.  In  contrast  to  the 
longitudinal  or  medial  surface  moraines  the  materials  of  the  trans- 
verse moraines  are  more  faceted  and  rounded  —  they  have  bcea 
abraded  upon  the  glacier  pavement. 

Melting  upon  the  glacier  margins  in  Greenland.  —  During  the 
short  but  warm  summer  season,  the  margins  of  the  Greenland  i« 
are  subject  to  considerable  losses  through  surface  melting.  WTwn 
the  uppermost  ice  layer  has  attained  a  temperature  of  32°  Fahren- 
heit, melting  begins  and  moves  rapidly  inward  from  the  gladcr 
margin.  In  late  spring  the  surface  of  the  outer  marginal  zone  is 
saturated  with  water,  and  this  zone  of  slush  advances  inward  with 
the  season,  but  apparently  never  transgresses  the  inner  border  of 
what  we  have  generally  referred  to  as  the  marginal  zone  of  the  ice 
characterized  by  relatively  steep  slopes,  crevasses,  and  nunataks. 
Upon  the  ice  within  this  zone  are  found  streams  large  enough  to  be 
designated  as  rivers  and  these  are  connected  with  pools,  lakes,  and 
mortisses.  The  dirt  and  rock  fragments  imbedded  in  the  ice  are 
melted  out  in  the  lowering  of  the  surface,  so  that  late  in  the  season 
the  iee  i)reseuts  a  most  dirty  aspect.  At  the  front  of  the  great 
mountain  glaciers  of  Alaska,  a  more  vigorous  operation  of  the  same 
process  has  yielded  a  surface  soil  in  which  grow  such  rank  forest! 
as  entirely  to  mask  the  presence  of  the  ice  beneath. 

In  addition  to  the  visible  streams  upon  the  surface  of  the  Green- 
land ice,  there  are  others  which  flow  beneath  and  can  be  heard  Iff 
putting  the  ear  to  the  surface.  All  surface  streams  eventually 
encounter  the  marginal  crevasses  and  plunge  down  in  foaming 
cascades,  producing  the  well  known  "  glacier  wells  "  or  "  glacier 
mills/'  The  progress  of  the  water  is  now  throughout  in  tunnels 
within  the  ice  until  it  again  makes  its  appearance  at  the  glacier 
margin. 

The  marginal  moraines.  —  Study  of  both  the  Greenland  and 
Antarctic  glaciers  has  showTi  that  if  we  disregard  the  smaller  and 
short-period  migrations  of  the  ice  front,  the  general  later  move- 


Fio.  306.  —  Marginal  monuDC  now  foriiiiiig  at 
the  edge  at  CreenlaDd  iuland  ice.'  ahowing  a 
mncHith  rock  pavement  outside  it.  A  Email 
lake  tvltli  a  partial  covering  of  lake  ice  accu- 
picB  a  hoUon  of  this  pavement  (after  von 
DrygaUki). 
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has  been  &  retrograde  one  —  we  live  in  a  receding  hemicycle 

ciation.     The  earlier  Greenland  glacier  has  now  receded  so 

expose  large  areas  of 

armer   glacier    pave- 

.     In   places    this 

lent  is  lai^ely  bare, 

ting  a  relatively  rapid 

nent  of  the  ice  front, 

i  all  points  at  which 

B  margin  was  halted 

is  now  found  a  ridge 

assorted  rock  mate- 

vbich  were   dropped 

!  ice  as  it  melted  (Fig. 
Such  ridges,  com- 
of    the    unassorted 

lals  described  as  till, 

to  have  a  festooned  arrangement  largely  concentric  to  the  ice 

1,  and  are  the  marginal  or  terminal  moraines  (see  Fig.  336, 

).     Marginal  moraines,  if  of  large  dimensions,  usually  have  a 

,ocky  surface,  and  are  opt  to  be  comprised  of  rock  fragments 

ride  range  of  size  from  rock  flour  (clay)  to  large  bowlders 
17  A),  which  may  represent  many  types  since  they  have 
been  plucked  by  the  glacier 
or  gathered  in  at  its  surface 
from  many  widely  separated 
localities. 

As  the  glacier  front  retires 
from  the  moraine  which  it 
has  built  up,  the  water  which 
emerges  from  beneath  the 
ice  is  impounded  behind  the 
new  dam  so  as  to  form  a 
lake  of  creseentic  outline 
(Fig.  307).  Such  lakes  are 
particularly  short-lived,  for 
the  reason   that   the  water 

Etn  outlet  over  the  lowest  point  in  the  crest  of  the  moraine 

aaly  cuts  a  gorge  through  the  loose  materials,  thus  draining 


r.  — SmaU   lake  impotmdnl  bet^ 
tly  built.    Greenland  (after  von 


Fia.  308.  —  View  of  d  drained  lake  bottom  between  the  luorBiDP-oovoial  ie*  li 
intbe  Toreground  and  an  abandnned  marginal  moraiDeintbrmiildlediMaiie*.  1 
water  flows  from  the  ice  front  in  a  braided  BUeam  and  pasges  out  tliioUEh  At\ 

laiae  in  a  narrow  gorge.    Vuricgated  glacier,  Aloaka  (alter  Lawtcnco  Uuiln) 

The  outwash  plain  or  apron.  —  The  water  which  descends  fn 
the  glacier  surface  in  the  glacier  wella  or  mills,  eventually  anil 
at  the  bottom,  where  it  follows  a  sinuous  course  within  a  tun 
melted  out  in  the  ice.  Much  of  this  water  may  issue  at  the 
front  beneath  the  coarse  rock  materials  which  are  found 
and  so  be  discovered  with  the  ear  rather  than  by  the  eye.  ' 
water  within  the  tunnels  not  flowing  with  a  free  surface  but  bi 
confined  as  though  it  were  in  a  pipe,  may,  however,  reach 
glacier  margin  under  a  hydrostatic  pressure  sufficient  to  cwry 
up  rising  grades.  Inasmuch  as  it  is  heavily  charged  with  n 
debris  and  is  suddenly  checked  upon  arriving  at  the  front  it 
posits  its  burden  about  the  ice  margin  so  as  to  build  up  plain 
assorted  sands  and  gravels,  and  over  this  surface  it  flows  \a  i 
shifting  serpentine  channels  of  braided  type  (Fig.  308).  fi 
plains  of  glacier  outwash  are  described  as  outwash  plains  or 
wash  aprons. 

Rising  as  it  does  under  hydrostatic  pressure  the  water  isai 
at  the  glacier  front  may  find  its  way  upward  in  some  of  the 
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Bes  and  bo  emerge  at  a  level  considerably  above  the  glacial 
IT.  It  may  thua  come  about  that  the  outwash  plain  ia  built 
about  the  nose  of  the  glacier  ao  as  partially  to  bury  it  from 


WhcD  now  the  ice  front  begins  a  rapid  retirement,  a  de- 

or  fosse  (Fig.  309  and  Fig.  339,  p.  314)  is  left  behind  the 

twasb  plain  and  in  front  of  the  moraine  which  is  built  up  at  the 

Kt  halting  place. 

i  Tbe  continental  glacier  of  Antarctica.  —  In  Victoria  Land,  upon 

continent  of  Antarctica,  so  far  as  exploration  has  yet  gone, 

continental  glacier  is  held  back  by  a  rampart  of  mountains, 

has  been  shown  to  be  true  of  the  inland  ice  of  Greenland.     The 

le  flat  dome  or  shield  has  likewise  been  found  to  characterize 

upper  surface  {Fig.  310). 

rhe  most  noteworthy  differences  between  the  inland  ice  masses 
Greenland  and  Antarctica  are  to  be  ascribed  to  the  greater 
Verity  of  the  Antarctic  climate  and  to  the  more  ample  nourish- 
jnt  of  the  southern  glacier  measured  by  the  land  area  which  it 
submerged.  There  is  here  no  marginal  land  ribbon  as  in  Green- 
i,  but  the  glacier  covers  all  the  land  and  is,  moreover,  extended 
ID  the  sea  as  a  broad  floating  terrace  —  the  shelf  ice  (Fig.  311). 
18  barrier  at  its  mar^n  puts  a  bar  to  all  further  navigation, 
Dg  as  it  does  in  some  eases  280  feet  above  the  sea  and  deacend- 
to  even  greater  depths  Iwlow  (plate  15  B). 
In  that  portion  of  Antarctica  which  was  explored  by  the  German 
pedition,  the  inland  ice  is  not  as  in  Victoria  Land  restrained 
tthin  walls  of  rock,  but  is  spread  out  upon  the  continent  so  as  to 
its  natural  ice  slopes,  which  are  therefore  much  flatter 
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than  those  examined  in  Greenland  and  Victoria  Land.  Hen 
Kaiser  Wilhelm  Land  the  ice  rises  at  its  sea  mar^n  in  a  cliff  wti 
is  from  130  to  165  feet  ia  height,  then  upcm  a  fairly  steeply  curv 


viiwU  (h 


iea  o(  Victoria  Land  burdcrcd  by  tlw ; 
!■  iirrows  show  tb«  duectioD  of  thp  vri-i  a 
Sliurklcton). 


sli)|)c  to  ;m  elevation  of  perhaps  a  thousand  feot.  Here  the  gra 
have  liecdiiic  rehitivcly  level,  and  on  ever  flatter  slopes  the  surl 
nppciirs  to  eontinuc  into  the  distant  interior  (plate  14).  ^ 
the  ice  margin  numerous  fissures  hotray  a  motion  within  the  n 
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L  exact  measurements  indicate  to  be  but  one  foot  per  day,  and 
distance  of  a  mile  and  a  quarter  from  the  margin  even  this 
value  has  diminished  by  fully  one  eighth.  It  can  hardly 
ubted  that  at  moderate  distances  only  within  the  ice  margin, 
lacier  is  practically  without  motion. 

in  or  general  melting  conditions  being  unknown  in  Antarctica, 
king  contrast  is  offered  to  the  marginal  zone  of  the  Greenland 
aent.    This  is  to  a  large  extent  explained  by  the  existence 


i^ ^'^ 


Or  vat  lev  Barri«r 


•I" 
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Sections  across  the  inland  ice  of  Victoria  Land,  Antarctica,  with  the 
shelf  ice  in  front  (after  Shackleton). 


the  northern  land  mass  of  a  coast-land  ribbon  which  becomes 
;ly  heated  in  the  sun's  rays,  and  both  by  warming  the  air  and 
.diating  heat  to  the  ice  it  causes  melting  and  produces  local 
tmperatures  which  in  summer  may  even  be  described  as  hot. 
t  Independence  Bay  in  latitude  82°  N.  and  near  the  north- 
ost  extremity  of  Greenland,  Peary  descended  from  the  in- 
ice  into  a  little  valley  within  which  musk  oxen  were  lazily 
ig  and  where  bees  buzzed  from  blossom  to  blossom  over  a 
ous  carpet  of  flowers. 

urishment  of  continental  glaciers.  —  Explorations  upon  and 

:  the  glaciers  of  Greenland  and  Antarctica  have  shown  that 

irculation  of  air  above  these  vast  ice  shields  conforms  to  a 

simple  and  symmetrical  model  subject  to  spasmodic  pulsa- 
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tions  of  a  very  pronounced  type.    Each  great  ice  mass  with  its 
atmospheric  cover  constitutes  a  sort  of  refrigerating  air  engine 
and  plays  an  important  part  in  the  wind  system  of  the  globe. 
(See  Fig.  291,  p.  263).    Both  the  domed  surface  and  the  low  tem- 
perature of  the  glacier  are  essential  to  the  continuation  of  this 
pulsating  movement  within  the  atmosphere  (Fig.  312).    The  air 
layer  in  contact  with  the  ice  is  during  a  period  of  cahn  cooled,  cx^ 
tracted,  and  rendered  heavier,  so  that  it  begins  to  slide  downward 
and  outward  upon  the  domed  surface  in  all  directions.    The  ex« 
treme  flatness  of  the  greater  portion  of  the  glacier  surface— a 

■  *•  •       •  •••  * 
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Fig.  312.  —  Diagram   to  show  the  nature  of  the  fixed  facial  anticydone  abov« 
continental  glaciers  and  the  process  by  which  their  surface  is  shaped. 

fraction  only  of  one  degree  —  makes  the  engine  extremely  slow 
in  starting,  but  like  all  bodies  which  slide  upon  inclined  planes, 
the  velocity  of  its  movement  is  rapidly  accelerated,  until  a  blizzard 
is  developed  whose  vigor  is  unsurpassed  by  any  elsewhere  experi- 
enced. 

The  effect  of  such  centrifugal  air  currents  above  the  glacier  is 
to  suck  down  the  jiir  of  the  upper  currents  in  order  to  supply  the 
void  which  soon  tends  to  develop  over  the  central  portion  of  the 
j];hicier  dome.  This  downward  vortex,  fed  as  it  is  by  inward-Mow- 
ing, high-level  currents,  and  drained  by  ^'  twardly  directed  sur- 
face currents,  is  what  is  known  as  an  anticydone,  here  fixed  in 
l)ositiou  by  the  central  embossment  of  the  dome. 

The  air  which  descends  in  the  central  column  is  warmed  by 
compression,  or  adiabatically,  just  as  air  is  warmed  which  is  forced 
into  a  rubber  tire  by  the  use  of  a  pump.  The  moisture  congealed 
in  the  cirrus  clouds  floating  in  the  uppermost  layer  of  the  convec- 
tive  zone,  is  carried  down  in  this  vortex  and  first  melted  and  in 
turn  evaporated,  due  to  the  adiabatic  effect.  This  fusion  and 
evaporation  of  the  ice  })y  its  transformation  of  latent,  to  sensible, 
heat,  in  a  measure  counteracts,  and  so  retards,  the  adiabatic  ete- 
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vatioa  of  temperature  within  the  column.  Eventually  the  warm  I 
wr  now  charged  with  water  vapor  reaches  the  ice  surface,  is  at  I 
■  chilled,  and  its  burden  of  moisture  precipitated  in  the  form  of  1 
fine  snow  needles,  the  so-called  "  frost  snow,"  which  in  accompani- 1 
ment  to  the  sudden  elevation  of  temperature  is  precipitated  at  the  I 
termination  of  a  blizzard. 

The  warming  of  the  air  has,  however,  had  the  effect  of  damping  1 
it  were,  the  engine  stroke,  and,  as  the  process  is  continued,  to  ( 
Btart  a  reverse  or  upward  current  within  the  chimney  of  the  anti-  I 
cyclone.  The  blizzard  is  thus  suddenly  ended  in  a  precipitation  ' 
of  the  SHOW,  which  by  changing  the  latent  heat  of  condensation 
to  sensible  heat  tends  to  increase  this  counter  current. 

The  glacier  broom.  —  During  the  calm  which  succeeds  to  the 
blijtzard,  heat  is  once  more  abstracted  from  the  surface  air  layer, 
And  a  new  outwardly  directed  engine  stroke  is  begun.  The  tem- 
which  later  develops  acts  as  a  gigantic  centrifugal  broom  which 


outlet  of  Grwnland 

out  to  the  margins  of  the  glacier  all  portions  of  the  latest 
snowfall  which  have  not  become  firmly  attached  to  the  ice  surface. 
The  sweepings  piled  up  about  the  margin  of  continental  glaciers  ' 
have  been  described  as  fringing  glaciers,  or  the  glacial  fringe.  The 
northern  coast  of  Greenland  and  Grant  Land  are  bordered  by  : 
fringe  of  this  nature  (plate  14  A,  and  Fig.  315,  p.  288).    It  is  by  the  J 
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operation  of  the  glacier  broom  that  the  inland  ice  is  given  its  charac- 
teristic shield-like  shape  (Fig.  312).  The  granular  nature  of  the 
snow  carried  by  the  wind  is  well  brought  out  by  the  little  snow 
deltas  about  the  margins  of  Greenland  ice  tongues  (Fig.  313). 
Obviously  because  of  the  presence  of  the  vigorous  anticyclone,  no 
snows  such  as  nourish  mountain  glaciers  can  be  precipitated  upon 
continental  glaciers  except  within  a  narrow  marginal  zone,  and, 
as  shown  by  Nansen  rock  dust  from  the  coastland  ribbon  and 

from  the  nunataks 

r  '  .  of  Greenland,  is  ca^ 

:   >!;.:;  ried  by  a  fewmila 

inside  the  western 
margin,  and  not 
at  all  within  the 
eastern. 

Field  and  pack 
ice. — Within  polar 
regions  the  surface 
of  the  sea  freexes 
during  the  long 
winter  season,  the 
product  being  known  as  sea-ice  or  field-ice  (Fig.  314).  This  ice 
cover  may  reach  a  thickness  by  direct  freezing  of  eight  or  more 
feet,  and  by  breaking  up  and  being  crowded  above  and  below 
neighboring  fragments  may  increase  to  a  considerably  greater 
thickness.  Ice  thus  crowded  together  and  more  or  less  crushed  is 
described  as  pack  ice  or  the  pack. 

The  pack  does  not  remain  stationary  but  is  continually  drifting 
with  the  wind  and  tide,  first  in  one  direction  and  then  in  another, 
but  with  a  general  drift  in  the  direction  of  the  prevailing  \vinds. 
Because  of  the  vast  dimensions  of  the  pack,  the  winds  over  widely 
separated  parts  may  be  contrary  in  direction,  and  hence  when  cur- 
rei\ts  blow  toward  each  other  or  when  the  ice  is  forced  against  a 
laud  area,  it  is  locally  crushed  under  mighty  pressures  and  forced 
up  into  lines  of  hufn mocks  —  the  so-called  pressure  ridgea.  At 
other  times,  when  tli(^  winds  of  widely  separated  areas  blow  avray 
from  each  other,  the  pack  is  parted,  with  the  format  ion  of  lanes  or 
leads  of  open  water. 

If  seen  in  bird^s-eve  view  the  lines  of  hummocks  would  accord- 


Fia.  314.  —Sea  ice  of  the  Arctic  region  in  lat.  80«  5'  N. 
aud  long.  2°  52'  E.  (after  Due  d'Orleans). 
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to  Nansea  be  arranged  like  the  meshes  of  a  net  having  roughly 
^ored  angles  and  reaching  to  heights  of  15  to  25,  rarely  30,  feet 
)ve  the  general  surface  of  the  pack.  The  ice  within  each  mesh  of 
jnetwork  is  a  jloe,  which  at  the  times  of  pressure  is  ground  against 
neighbors  and  variously  shifted  in  position.  At  the  margin  of 
I  pack  these  floes  become  separated  and  float  toward  lower  lati- 
des  until  they  are  melted. 

The  drift  of  the  pack.  —  The  discovery  of  the  drift  in  the  Arctic 
ik  is  a  romantic  chapter  in  the  history  of  polar  exploration,  and 
I  (umished  an  example  of  faith  in  scientific  reasoning  and  judg- 
Bnt  which  may  well  be  compared  with  that  of  Columbus.  The 
figure  in  this  later  di.scovery  is  the  Norwegian  explorer 
idtjof  Nansen,  and  to  the  final  achievement  the  ill-fated  /can- 
expedition  contributed  an  important  part. 
The  Jeantiette  carrying  the  American  exploring  expedition 
in  1879  caught  in  the  pack  to  the  northward  of  Wrangel  Island 
ig.  315),  and  two  years  later  was  crushed  by-the  ice  and  sunk  to 
northward  of  the  New  Siberian  Islands.  In  1884  various 
tides,  including  a  list  of  stores  in  the  handwriting  of  the  com- 
of  the  Jeann£tle,  were  picked  up  at  Julianehaab  near  the 
itliem  extremity  of  Greenland  but  upon  the  western  side  of 
ipe  Farewell.  Nartsen,  having  carefully  verified  the  facts, 
Deluded  that  the  recovered  articles  could  have  found  their  way 
Julianehaab  only  by  drifting  in  the  pack  across  the  polar  sea, 
d  that  at  the  longest  only  five  years  hati  been  consumed  in  the 
inait.  After  being  separated  from  the  pack  the  articles  must 
ve  floated  in  the  current  which  makes  southward  along  the  east 
BSt  of  Greenland  and  after  doubling  Cape  Farewell  flows  north- 
ird  u[>on  the  west  coast.  It  was  clear  that  if  they  had  come 
rough  Smith  Sound  they  would  inevitably  have  been  found 
lOH  the  other  shore  of  Baffin  Bay.  In  confirmation  of  this  view 
ere  was  found  at  Godthaab,  n  short  distance  to  the  northward 
Julianehaab  (Fig.  315),  an  ornamented  Alaskan  "  throwing 
«k"  which  probably  came  by  the  same  route.  Moreover, 
fge  quantities  of  driftwood  reach  the  shores  of  Greenland  which 
I'e  clearly  come  from  the  Siberian  coast,  since  the  Siberian 
iTh  has  furnished  the  larger  quantity. 

Kiining  his  faith  to  these  indubitable  facts,  Nansen  built  the 
ram  in  such  a  manner  as  to  resist  and  elude  the  enormous  pres- 


288  EARTH  FEATURES  AND  THEIR  MEANIKO 


Pia.  315.  —  Map  of  the  north  polar  regionB,  shovring  thp  area  ol  drift  ice  ud  tbr 
tracks  of  the  Jcannelle  aud  the  From  (compiled  from  vbiioub  maps). 
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sures  of  the  ice  pack,  stocked  her  with  provisions  sufficient  for  I 
five  years,  and  by  allowing  the  vessel  to  be  frozen  into  the  pack  1 
north  of  the  New  Siberian  Islands,  he  consigned  himself  and  ' 
his  companions  to  the  mercy  of  the  elements.  The  world  knows 
the  result  as  one  of  the  most  remarkable  achievements  ia  j 
the  long  history  of  polar  exploration.  The  track  of  the  Fram,  > 
charted  in  Fig.  315,  considered  in  connection  with  that  of  the  I 
JeanncUe,  shows  that  the  Arctic  pack  drifts  from  Bering  Sea  west- J 
Ward  until  near  the  northeastern  coast  of  Greenland. 

Special  casks  were  for  experimental  purposes  fastened  in  thfl  I 
ice  to  the  north  of  Behring  Strait  by  Melville  and  Bryant,  and  two  * 
of  these  were  afterwards  recovered,  the  one  near  the  North  Cape 
in  northern  Norway,  and  the  other  in  northeastern  Iceland  (see 
map,  Fig.  315).     Peary's  trips  northward  in  1906  and  1909  from 
the  vicinity  of  Smith  Sound  have  in<^cated  that  between  the  Pole 
and  the  shores  of  Greenland  and  Grant  Land  the  drift  is  through-   ' 
out  to  the  eastward,  corresponding  to  the  westerly  wind.     Upon 
this  border  the  great  area  of  Arctic  drift  ice  is  in  contact  with 
Kreat  continental  glaciers  bordered  by  a  glacier  fringe.     Admiral 
Peary  has  shown  that  instead  of  consisting  of  frozen  sea  ice,  the 
pack  is  here  made  up  of  great  floes  from  20  to  100  feet  in  thicknesaJ 
and  that  these  have  been  derived  from  the  glacier  fringe.  I 

Whenever  the  blizzards  blow  off  the  inland  ice  from  the  south,  I 
leads  are  opened  at  the  margin  of  the  fringe  and  may  carry  stripa  ^ 
from  the  latter  northward  across  the  lead.  With  favorable  con- 
ations these  leads  may  be  closed  by  thick  sea  ice  so  that  with  J 
the  occurrence  of  counter  winds  from  the  north  they  do  not  entirely  I 
Return  to  their  original  position.  A  continuance  of  this  process  1 
^*iiy  have  resulted  in  the  heavy  floe  ice  to  the  northward  of  Greeu-  1 
land,  which,  acting  as  an  obstruction,  may  have  forced  the  thinner  ] 
^irift  ice  to  keep  on  the  European  side  of  the  Arctic  pack.  I 

About  the  Antarctic  continent  there  is  a  broad  girdle  of  pack   I 
Ice  which,  while  more  indolent  in  its  movements  than  the  Arctic 
tiack,  has  been  shown  by  the  expeditions  of  the  Belgica  and  the 
Pouripwi-Pas  to  possess  the  same  kind  of  shifting  movements.  J 
Xn  the  southern  spring  this  pack  floats  northward  and  is  to  a  large  J 
extent  broken  up  and  melted  on  reaching  lower  latitudes.  1 

The   Antarctic   shell  ice.  —  It  has  Ijeen  already  pointed  out* 
that  the  inland  ice  of  Antarctica  is  in  part  at  least  surrounded  by  I 
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a  thick  BDow  and  ice  terrace  floating  upon  the  sea.  am)  nmid 
hfighta  of  more  than  150  feet  above  it  (plate  15  Baiul  Fig.  3 
The  visible  portions  of  this  sbelf-ice  are  of  stratified  i 
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Flo.  3ia.  — The  shelf  k 


SHOW,  and  the  areas  which  have  thus  far  been  studied  arp  fomAl 
in  bays  from  which  dislodgment  is  leas  easily  effected,     T'  •    -■:--  ' 
of  the  shelf  ice  is  believed  to  be  a  sea-ice  which  becaus.' 
detached  at  the  time  of  the  spring  "  break-up  "  is  tli! 
succeeding  seasons  chiefly  by  the  deposition  of  preeijn 
driftetl  ann. 
surface,  .=f> 
bowed     dc 
the  weigh  I 
to  greater  :> 
depths  in   • 
To  some  ex- 
it is  fed  up. 
margin    l>.v    <,.trij>>i> 
L^uBu^  ,.u^.  ...x,.^  .^,..-.,     ».,.-™u.  °*    glacier    ice    from 

the  inland  icr 
Icebergs  and  snowbergs  and  the  manner  of  their  birth.  —  Gn 
land  reveals  in  the  character  of  its  valleys  the  marks  of  a  I 
subsidence  of  the  continent  —  the  serpentine  inlets  or  fjon. 


P(o,  317.- 
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B  eoast  is  so  deeply  indented.  Into  the  heads  of  these  fjords 
gues  from  the  inland  ice  descend  generally  to  tlie  sea  level 
ow.  The  glacier  ice  is  thus  directly  attacked  by  the  waves 
as  melted  in  the  water,  so  that  it  terminates  in  the  fjords 
t  cliSs  of  ice  (Fig.  317).  It  is  also  believed  to  extend 
I  the  water  surface  as 
toe  resting  upon  the 
(Fig.  319). 

exposed  cliff  is  notched 
dercut  by  the  waves  in 
le  manner  as  a  rock  cliff, 
'  upper  portions  override 
er  so  that  at  frequent  in- 
small  masses  of  ice  from 

nt  separate  on  crevasses,  and  toppling  over,  fall  into  the 
rith  picturesque  splaslies.  Such  small  l>ergs,  whose  birth 
often  seen  at  the  cliff  front  of  both  the  Greenland  and 
1  glaciers,  have  little  in  common  with  those  great  floating 
of  ice  that  are  drifted  by  the  winds  until,  wasted  to  a  frac- 
y  of  their  former  proportions,  they  reach  the  lanes  of  trans- 
travel  and  become  a  serious  menace  to  navigation  (Fig.  318). 
lern  icebergsof  large  dimensions  are  bom  either  by  thelifting 
)arated  portion  of  the  extended  glacier  toe  lying  upon  the 
of  the  fjord,  or  else  they  separate  bodily  from  the  cliff 


pparently  where  it  reaches  water  sufficiently  deep  to  float  it. 
T  case  the  buoyancy  of  the  sea  water  plays  a  large  rflle  in  its 


•ived  from  the  submerged  glacier  toe  (Fig.  319),  a  loud  noise 
I  before  any  change  is  visible,  and  an  instant  later  the  great 
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mass  of  ice  rises  out  of  the  water  gome  dietant-e  away  frotn  d 
cliff,  lifting  as  it  does  so  a  great  volume  of  water  which  pours  oSu 
all  sides  in  thundering  cascades  and  exposes  at  last  a  berg  of  b^ 
deepest  sapphire  blue.     The  commotion  produced  in  the  fjor 
prodi^ous,  and  a  ^'esseI  in  close  proximity  is  placed  in  jeopard]r.B 

Even  larger  bergs  are  sometimes  seen  to  separal*  from  theff 
cliff,  in  this  case  an  instant  before  or  simultaneously,  with  a  k 
report,  but  such  bergs  float  away  with  comparatively  little  o 
motion  in  the  water. 

The  icebergs  of  the  south  polar  region  are  usually  built  upo 
far  grander  scale  than  those  of  the  Arctic  regions,  and  are,  fur 
both  distinctly  tabular  in  form  and  bounded  by  rectangular  a 
lines  (Fig.  321).  Whereas  the  large  bergs  of  Greenlandic  o 
are  of  ice  and  blue  in  color,  the  tabular  Iwrgs  of  Antarctica  n 
better  be  described  as  snou^ergs,  since  they  are  of  a  blinding  w 
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ness  and  their  visible  portions  are  either  compacted  snow  o 
nating  thick  layers  of  compart  snow  and  thin  ribbons  of  blue  m 
the  latter  thicker  and  more  abundant  toward  the  base,     .\ll  such  1 
bergs  have  been  derived  from  the  shelf  ice  and  not  from  the  inlaml  J 
ice  itself,     Blue  icebergs  which  have  been  derived  from  the  inli 
ice  have  been  described  from  the  one  Antarctic  land  that  has  b( 
explored  in  which  that  ice  descends  directly  to  the  sea. 
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>oth  the  northern  and  southern  hemispheres  those  bergs 
have  floated  into  lower  latitudes  have  suffered  profound 
irmations.  Their  exposed  surfaces  have  been  melted  in  the 
ashed  by  the  r^n,  and  battered  by  the  waves,  so  that  they 
leir  relatively  simple  forms  but  acquire  rounded  surfaces  in 
»f  the  early  angular  ones  (Fig.  318,  p.  291).  Sir  John  Murray, 
id  such  extended  opportunities  of  studying  the  southern  ice- 


—  Tubular  Antarctic  icvbvrttaepsratmg  (rum  tbesbelC  ice  (itTterlSliackletoD). 
from  the  deck  of  the  Challenger,  has  thus  described  their 


avea  dash  sgainBt  the  vertical  faces  ot  the  floating  ice  iBlftnd  as 
i  a  rocky  shore,  so  that  at  the  sea  level  they  are  first  cut  into  ledges 
lilies,  and  then  into  oaves  and  caverns  of  the  most  heavenly  blue, 
ut  of  which  there  comes  the  resoundinif  roar  of  the  ocean,  and  into 
the  snow-whilfl  and  other  petrels  may  bo  seen  to  wing  their  way 
h  ifuards  of  aoldier-like  pengiiins  stationed  at  the  pntrancps.  As 
»  islands  are  slowly  drifted  by  wind  and  current  to  the  north,  they 
m  and  sometimes  capsize,  and  then  submerged  prongs  and  spita  ara 
I  bigb  into  the  air,  produeing  irregular  piuoacied  ber^  higher,  pos- 
Jtan  the  original  table-shaped  mass." 
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CHAPTER  XXII 

THB   CONTINSNTAL   GLACIERS   OF  THS   '' ICS   AGS" 

Earlier  cycles  of  glaciation.  —  Our  study  of  the  rocks  compos- 
3g  the  outermost  shell  of  the  lithosphere  tells  us  that  m  at  least 
hree  widely  separated  periods  of  its  history  the  earth  has  passed 
hrough  cycles  of  glaciation  during  which  considerable  portions 
»f  its  surface  have  been  submerged  beneath  continental  glaciers, 
the  latest  of  these  occurred  in  the  yesterday  of  geology  and  has 


Fig.  322.  Map  of  the  globe  showing  the  areas  which  were  covered  by  the  con- 
lental  glaciers  of  the  so-called  "ice-age"  of  the  Pleistocene  period.  The  arrows 
ow  the  directions  of  the  centrifugal  air  currents  in  the  fixed  anticyclones  above  the 
Mners. 

ften  been  referred  to  as  the  "  ice  age,"  because  until  quite  re- 
sntly  it  was  supposed  to  be  the  only  one  of  which  a  record  was 
reserved. 

This  latest  ice  age  represents  four  complete  cycles  of  glaciation, 
>r  it  is  believed  that  the  continental  ice  developed  and  then 
ompletely  disappeared  during  a  period  of  mild  climate  before  the 
ext  glacier  had  formed  in  its  place,  and  that  this  alternation  of 
limates  was  no  less  than  three  times  repeated,  making  four  cycles 
CI  all.    At  nearly  or  quite  the  same  time  ice  masses  developed  in 
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northern  Xortb 
in  Dortfaem  Europe,  Uw  H 
bossments  of  tfa«  ice  ,itoD) 
being  located  in  Canada  a 
in  Scandina\ia  respertivd 
(Fig.  322).  There  appears  I 
have  been  at  thiB  time  no  a 
tensive  glaciation  of  thr«Mll 
em  hemisphere,  though  in  d 
next  earlier  of  the  known  ptt 
periods  of  glaciatioci  —  the  i 
called  Penno^arboniferous  —  it  was  the  southern  hemispliere,  w 
not  the  northern,  that  was  ^ect«d  (Fig.  323  and  Fig.  304,  p.  276] 


Flo.  323.  —  GUruCml  Ennite  bowldn 
nhirh  has  mwthend  out  <>(  •  rooraioe 
lit  tVnno-Csrbonifcroiu  aip?  updo  which 
it  mts.     South  AuMnliA  (after  How- 
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lUU  earlier  glacis,!  period  our  data  are  naturally  much 
er,  but  it  seems  probable  that  it  was  characterized  by 
reas  within  both  the  northern  and  the  southern  hemi- 

of  the  glaciated  and  nonglaciated  regions.  —  Since 
w  studied  in  brief  outline  Ihe  characteristics  of  the  exist- 
•ntal  glaciers,  we  are  in  n  n"-^iti"ti  t.j  rpview  the  evidences 


Vtap  of  Ibf  el;ii'i»lo<l  iiuil  noDglBciatcd  areas  of  tinttbera  Europe.  The 
irkcd  morninal  bolts  rpspccUvely  south  Kur)  iiorlh  it  the  Baltic  depres* 
■nt  baltiDg  places  in  the  retreat  of  tixe  latest  conttucotaJ  glKcicr  (com- 
maps  by  Penck  and  Levcrctt). 

jlaeiers,  the  records  of  which  exist  in  their  carvings,  their 
md  their  deposits. 

rvant  person  familiar  with  the  aspects  of  Nature  in  both 
!m  and  southern  jiortions  of  the  central  and  eastern 
ites  must  have  noticed  that  the  general  courses  of  the 
Missouri  rivers  define  a  somewhat  marked  common  border 
hich  in  most  respects  are  sharply  contraste<i  (Fig.  324). 
IS  striking  is  the  contrast  between  the  glaciated  and  the 
cd  re.giona  upon  the  continent  of  Europe  (Fig.  325). 
northern  of  the  two  areas  which  in  each  case  reveals  the 
9tic  evidences  of  glaciation,  while  there  is  entire  absence 
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of  Buch  marks  to  the  southward  of  the  comraon  border, 
the  American  glaciated  region  there  is,  however,  aa  area  sur 
like  an  island,  and  within  this  district  (Fig.  324)  none  uf  tfac  n 
characteristic  of  glaciation  are  to  be  found.     This  area  is  a 
referred  to  as  the  "  drittless  area,"  and  occupies  portiom  « 
states  of  Wisconsin,  Illinois,  Minnesota,  and  Iowa.     Eveo  i 
than  the  area  to  the  southward  of  the  Ohio  and  Misitouri  ri 
permits  of  a  comparison  of  the  nonglaciat«d  with  the  c 
ered  region. 

The  "dnftless  area." — Within  this  district,  thcDi  i 
preserved  for  our  study  a  landscape  which  remains  larsrly  <» 
before  the  i 
invasions  had 
foundly  transfi 
general  surface  of' 
surrounding 
Speaking  broadly,  WB 
may  say  that  it  rv\f- 
resents  an  uplifted  tmi 
in  part  dissected  plain, 
which  to  the  south  and 
east  particularly  rcveih 
the  character  of  neariy ' 
mature  river 
(Fig.  177,  p.  170). 
rock  surface 
everywhere  maul 
dci'Oraposed  and 
t«grated  rock  reftidiut" 
Flo  3  d  B  luid  Rock  near  the  Delia  of  ho  of  ''>eal  origin.  The 
WiKonna  river,  an  imatableeromanriMniiMltchiu-  soluble  Constituents  of 
«cterirtico(tbedrimcM»te«ofN<.rthAm.ri,,a    j^  j^  j^  ^^  , 

(alter  Salisbury  sod  Atwood).  ' 

carbonates,  have  bwn 
removed  by  the  process  of  leaching,  so  that  the  claj-s  do  loDgv 
effervesce  when  treated  with  cUlute  mineral  acid. 

Wherever  favored  by  joints  and  by  an  alternation  of  harder 
and  softer  rock  layers,  picturesque  unstable  erosion  renmant«  or 
"  chimneys  "  may  stand  out  in  relief  (Fig.  326).  Furthermore,  Uie 
dnftless  area  is  throughout  perfectly  drained  —  it  is  without  lakes 
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swamps  —  since  all  valleys  are  characterized  throughout  by 
irward  grades.  The  side  valleys  enter  the  main  valleys  as  do  the 
iches  a  tree  trunk ;  in  other  words,  the  drainage  is  described  as 
rboreecent.  Insofar  as  any  portious  of  a  plane  surface  now  remain 
the  landscape,  they  are  found  at  the  highest  levels  (plate  16  A), 
le  topography  is  thus  the  result  of  a  partial  removal  by  erosion 
an  upland  and  may  be  described  as  incised  topography.  Nowhere 
ilhin  the  area  are  there  found  rock  masses  foreign  to  the  region, 
(Ut  all  mantle  rock  is  the  weathered  product  of  the  underlying 
iges. 

Characteristics  of  the  glaciated  regions.  —  The  topography  of 
e  driftless  area  has  been  described  as  incised,  because  due  to  the 
IrUal  destruction  of  an  uplifted  plain ;  and  this  surface  is,  more- 
over,   perfectly     drained.     The 
characteristic  topography  of  the 
"  drift  "  areas  is  by  contrast  built 
up;  that  is  to  say,  the  features  of 
the  region  instead  of  being  carved 
out  of  a  plain  are  the  result  of 
-Diwani  rtowioa  the  idm.-   "'"^mff  by  the  process  of  deposi- 
itinentBi  glujcr  ab.   tion  (plate  16  B).     In  go  far  as  a 
rates  MiBting  valleys  (after  Tarr).   plane  IS  recognizable,  it  is  to  be 
found  not  at  the  highest,  but  at 
3  lowest  level  —  a  surface  represented  largely  by  swamps  and 
-and  above  this  plain  rise  the  characteristic  rounded  hills 
bf  various  types  which  have  been  built  up  through  deposition.     The 
irocess  by  which  this  has  been  accomplished  is  one  easy  to  compre- 
As  it  invaded  the  region,  the  glacier  planed  away  beneath 
e  marginal  zone  ^1  weathered  mantle  rock  and  deposited  the 
plaoings   within   the   hollows   of   the    surface    (Fig.   327).     The 
fiwt  has  been  to  flatten  out  the  preexisting  irregularities  of  the 
irface,  and  to  yield  at  first  a  gently  undulating  plain  upon  which 
B  many  undrained  areas  and  a  haphazard  system  of  drainage 
J'ig,  32S).     All  unstable  erosion  remnants,  such  as  now  are  to  be 
round  within  the  driftless  area,  were  the  first  to  be  toppled  over  by 
-  invading  glacier,  and  in  their  place  there  is  left  at  best  only 
Punded  and  polished  "  shoulders  "  of  hard  and  unweatheretf  rock 
~  the  well-knomi  roches  mouUmn&es. 
\  The  glacier  gravings.  —  The  tools  with  which  the  glacier  works 
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are  never  quite  evenly  edged,  and  instead  of  an  in  all  respi 
perfect  poiibh  upon  the  rock  pavement,  there  are  left  furrow) 
guugings,  and  scratches.     Of  whatever  sort,  these  scoring  id 
cate  the  lines  of  ice  movement  and  are  thus  indubitable  r 
graven  upon  the  rock  floor.     When  mapped  over  wide  a 


-j9|ii>«i; 


Fio,  li2S.  —  Lake  and  roarsh  district  il 


most  interesling  picture  is  presented  tfl  our  view,  and  one  h 
supplements  in  an  important  way  the  studies  of  existing  contine 
glaciers  (Fig.  334,  p.  308,  and  Fig.  336,  p.  312). 

It  has  been  customnry  to  think  of  the  g'^^ier  as  ever.nrf 
eroding  its  bed,  although  the  only  warrant  for  assuming  (l(i| 
ilation  by  flow  of  thp  ice  is  restricted  to  the  mflrgiual  zone,  t 
here  only  is  there  an  appreciable  surface  graile  likely  to  ind 
flow.  Both  upon  the  advance  and  again  during  the  relKat  B| 
glacier,  all  parts  of  the  area  overridden  mast  l>e  subjected  to  i 
action.  Heretofore  pictured  in  the  imagination  as 
models  of  Alpine  glaciers,  the  vast  ice  mantles  were  concrai"ed  M 
have  spread  out  over  the  country  as  the  result  of  a  kind  iif  viscoiH  I 
iiow  like  that  of  molasses  poured  upon  a  flat  surface  in  cold  1 
weather.  The  maximum  thickness  of  the  latest  American  gliirict  1 
of  the  ice  age  has  been  assumed  to  have  been  perhaps  10.000  fwl  i 
near  the  summit  of  its  dome  in  central  Labrador.     From  this  I 
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point  it  was  assumed  that  the  ice  traveled  southward  up  the 
northern  slope  of  the  Laurentian  divide  in  Canada,  and  thence 
to  the  Ohio  river,  a  distance  of  over  1300  miles.  If  such  a  mantle 
of  ice  be  represented  in  its  natural  proportions  in  vertical  section, 
to  cover  the  distance  from  center  to  margin  we  may  use  a  line 
six  inches  in  length,  and  only  -fiv  of  an  inch  thick.  Upon  a  reduced 
scale  these  proportions  are  given  in  Fig.  329.  Obviously  the 
force  of  gravity  acting  within  a  viscous  mass  of  such  proportions 


Fio.  329. — Croas  section  in  approximate  natural  proportions  of  the  latest  North 
American  continental  glacier  of  Pleistocene  age  from  its  center  to  its  margin. 

would  be  incompetent  to  effect  a  transfer  of  material  from  the 
center  to  the  periphery,  even  though  the  thickness  should  be 
doubled  or  trebled.  Yet  until  the  fixed  glacial  anticyclone  above 
tiie  Racier  had  been  proven  and  its  efficiency  as  a  broom  recog- 
nised, no  other  hjrpothesis  than  that  of  viscous  flow  had  been 
offered  in  explanation.  The  inherited  conception  of  a  universal 
plucking  and  abrasion  on  the  bed  of  the  glacier  is  thus  made  un- 
tenable and  can  be  accepted  for  the  marginal  portion  only. 

Not  only  do  the  rock  scorings  show  the  lines  of  ice  movement, 
but  the  directions  as  well  may  often  be  read  upon  the  rock.  Wher- 
ever there  are  pronounced  irregularities  of  surface  still  existing  on 
the  pavement,  these  are  generally  found  to  have  gradual  slopes 
upon  the  side  from  which  the  ice  came,  and  relatively  steep  falls 
upon  the  lee  or  "  pluck  "  side.  If,  however,  we  consider  the  irregu- 
larities of  smaller  size,  the  unsynmietrical  slopes  of  these  protruding 
portions  of  the  floor  are  found  to  be  reversed  —  it  is  the  steep  slope 
which  faces  the  oncoming  ice  and  the  flatter  slope  which  is  upon  the 
lee  side.  Such  minor  projections  upon  the  floor  usually  have  their 
origin  in  some  harder  nodule  which  deflects  the  abrading  tools  and 
causes  them  to  pass,  some  on  the  one  side  and  some  upon  the  other. 
By  this  process  a  staple-shaped  groove  comes  to  surround  the 
nodule,  leaving  an  unsymmetrical  elevated  ridge  within,  which  is 
steep  upon  the  stoss  side  and  slopes  gently  away  to  leeward. 

Younger  records  over  older  —  the  glacier  palimpsest.  —  Many 
important  historical  facts  have  been  recovered  from  the  larj.'iely 
effaced  writing  upon  ancient  palimpsests,  or  parchments  upon 
which  an  earlier  record  has  been  intentionally  erased  to  make  room 
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for  another  In  the  gravings  upon  the  glacier  pavement,  eArlxf 
records  have  been  hkewise  in  large  part  effaced  by  later,  thou^io 
favorable  localities  the  two  may  be  read  together  Thua,  aa  u 
exEimple  at  the  great  limestone  quames  of  Sibley,  in  aoutb- 
eafit^m  Michigan,  the  glaciated  rock  surface  wherever  stripped  d 
its  drift  cover  is  a  smoothly  pohshed  and  relatively  level  floor 
with  stnse  which  are  directed  west-northwest  Beneath  this  gen- 
eral surface  there  are,  however,  a  number  of  elliptical  depre- 
sions  which  have  their  longer  axes  directed  south-southwest,  one 
being  from  twenty-five  to  thirty  feet  long  and  some  ten  feet  in 
depth  (Fig  330)  These  boat-shaped  depressions  are  clearly  the 
remnants  of  an  earlis 
\     ^V^         ^  \  x*  more  undulating  sur- 

"•  "^  face  which  the  latest 

\  ''  \  glacier    has    in   large 

^      ,       /        \  ,  part    planed   away, 

^       since  the  bottoms  of 
\      the  depressions  are  no 
,,       less  perfectly  glaciated 
'  ,\       but   have  their  stria 
\*        directed    in    general 
^  near  the  longer  axis  of 

the  troughs.     Palim|)- 
sest-like      there     are 

here  also  the  recorils 

,„.,.      of    more    than  one 


/^ 


^\^ 


''^^mw^^^^'''' 


I-i      o  1-  — Liii    =toncBurfi  c  Jt  bibl  >    Ml 

griMng 
The  dispersion  of  the  drift.  —  Long  before  the  "  ice  age  "  liail 
bt'cu  coiicoivcti  ill  the  niin<Is  of  Agsissiz  and  his  contemporaries, 
it  had  bcoii  roniarkcd  that  scattered  over  the  North  German  p[;iin 
were  rounded  fragiiK'nts  of  rock  which  could  not  possibly  have  inH'ii 
derived  from  their  cuvn  neinhhorhood  but  which  could  be  matclioil 
with  the  (ireat  masses  of  red  Rranite  in  Sweden  well  known  ii:*  tlif 
'■  Swedish  Rrauite."  Biicklaml.  an  English  geologist,  had  in  1)>15 
accDUnted  for  sueh  "  ernitic  "  blocks  of  his  own  country,  lien'  of 
Scotch  granite,  by  calling  in  the  deluge  of  Noah ;  but  in  the  lati" 
lliiities  of  the  niiieteenlh  century,  Sir  Charles  Lyell,\rith  the  result* 
of  Kiigiish  Ardie  eN]>lorers  in  mind,  claimed  tiiat  such  travekii 
blockii  had  l)een  tmnsporled  by  icebergs  emanating  from  the  polar 
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A  relic  of  Buckland's  earlier  view  we  have  in  the  word 
jm  "  still  occasionally  used  in  Germany  for  glacier  trans- 
aaterials ;  while  the  term  "  drift  "  still  remams  in  common 
ecall  Lyell's  iceberg  hypothesis,  even  though  the  original 
;  of  the  term  bae  been  abandoned.  Drift  is  now  a  generic 
d  refers  to  all  deposits  directly  or  indirectly  referable  to  the 
ttal  glaciers. 

leral  the  place  of  derivation  of  the  glacial  drift  may  be  said 
distant  from  and  within  the  former  ice  mar- 


) rever 
unusual 
lerefore  ' 
recogniz- 
■Jiaracter 
shown  to 
.n  place 
ibutlim- 

eas,     the   Fio.  33I.  —  Map  to  show  the  outcroppings  of  peculiar  rock 
ion       of       'yP^  ''^  ^^^  region  or  the  Great  Lakes,  and  Kimc  ol  the 

.      '   I   •         localities  where  "float  copper"  has  be«D  collected   (float 
itenol  IS       copper  localities  after  Salisbury). 
>    trace. 

as  of  red  Swedish  and  Scotch  granite  have  been  used  to 
ut  in  a  broad  way  the  dispersion  of  drift  over  northern 
Within  the  region  of  the  Great  Lakes  of  North  America 
B  of  limited  size  which  are  occupied  by  well  marked  rock 
0  that  the  jouraeyings  of  their  fragments  with  the  conti- 
lacier  can  be  mapped  with  some  care.     Upon  the  northern 

Georpan  Bay  occurs  the  beautiful  jasper  conglomerate, 
)right  red  pebbles  in  their  white  quartz  field  attract  such 
notice.    At  Ishpeming  in  the  northern  peninsula  of  Michi- 
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gan  is  found  the  equally  beautiful  jaspilite  compoeed  of  puekend 
alternating  layers  of  blaclc  hematite  and  red  jasper.  On  Keweenaw 
Peninsula,  which  protrudes  into  Lake  Superior  from  its  southern 
shore,  is  found  that  remarkable  occurrence  of  native  copperwithk 
a  8cri(!S  of  igneous  rocks  of  varied  types  and  coltss.  Fngmenti 
of  this  copper,  some  w«ghing  sennl 
hundreds  of  pounds  each  and  Ruulnd  - 
in  a  coat  of  green  malachite,  have  under 
the  name  of  "  drift "  or  "  fioat "  copper 
been  collected  at  many  localities  within 
a  broad  "  fan  "  of  dispersal  exlending 
almost  to  the  very  limits  of  glaciation 
(Fig.  331). 

Some  miles  to  the  north  of  Provi- 
dence in  Rhode  Island  there  is  a  tuU 
known  as  Iron  Hill  composed  in  laiSB 
part  of  black  magnetite  rock,  the  >»■ 
called  Cumtterlandite.  From  tius  bB 
H8  an  apex  there  has  been  dispenedft. 
great  quantity  of  the  rock  distribntife 
as  a  well  marked  "  bowlder  1idB*y 
within  wliich  the  size  and  the  tn- 
qiiency  of  the  disi)erscd  bowldos  tsil 
inverse  ratio  to  the  distance  from  ths 
piircnt  ledge  (Fig.  332).  Sunikr 
though  less  perfect  trains  of  bovMtn 
arc  found  on  the  lee  side  of  most  pnh 
jectiiig  nisiKSPs  of  n-sistant  rocks  n-iUuB 
the  area  of  tlic  drift. 

Large   bowlilrrs  when   loft   wpmi  a 

ledge  of  notaltly  different  apid'araii'-e    ■ 

easily  attract  attention,  anil  have  Ih-ch 

nldcrs."     Resting  as  they  sometimes  ib    ', 

irea,  they  luay  Ix"  nicely  balanced  and 

i'ii(lu!i<r  or  rocking  motion.     Such  "  rocking 

e  ciniiinun  cTiouiih.  espofially  among  the  New  England 

i   !7  li).     M:my  wiiih    Ixiwlders   have  mailo  .«omcidiat 

■  pcrr^riiialinti'^  willi  i!i;'iiy  interruptions,  having  Iteeo 

ir>t  in  (iiic  ilirei-iioii  liv  itii  earlier  {^lacier  to  Ix'  later  tmiis- 
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ported  in  wholly  different  directions  at  the  time  of  new  ice  inva- 
sions. 

The  diamonds  of  the  drift.  —  Of  considerable  popular,  even  if 
itot  economic,  interest  are  the  diamonds  which  have  been  sown 
in  the  drift  after  long  and  interrupted  joumeyings  with  the  ice 
fiwn  some  unknown  home  far  to  the  northward  in  the  wilderness 
<rf  Canada.  The  first  stone  to  be  discovered  was  taken  by  work- 
men from  a  well  opening  near  the  little  town  of  Eagle  in  Wisconsin 
in  the  year  1876.  Its  nature  not  being  known,  it  remained  where 
it  was  found  as  a  curiosity  only,  and  it  was  not  until  1883  that  it 
R^as  taken  to  Milwaukee  and  sold  to  a  jeweler  equally  ignorant 
>f  its  value,  and  for  the  merely  nominal  sum  of  one  dollar.  Later 
recognized  as  a  diamond  of  the  unusual  weight  of  sixteen  carats. 


^o.  333.  —  Shapes  and  approximate  natural  sizes  of  some  of  the  more  important 
diamonds  from  the  Great  Lakes  region  of  the  United  States.  In  order  from  left 
to  right  these  figures  represent  the  Eagle  diamond  of  sixteen  carats,  the  Saukville 
diamond  of  six  and  one  half  carats,  lEe  Milford  diamond  of  six  carats,  the  Oregon 
diamond  of  four  carats,  and  the  Burlington  diamond  of  a  little  over  two  carats. 

t  was  sold  to  the  Tiffanys  and  became  the  cause  of  a  long  litiga- 
rion  which  did  not  end  until  the  Supreme  Court  of  Wisconsin  had 
lecided  that  the  Milwaukee  jeweler,  and  not  the  finder,  was  en- 
titled to  the  price  of  the  stone,  since  he  had  been  ignorant  of  its 
/alue  at  the  time  of  purchase. 

An  even  larger  diamond,  of  twenty-one  carats  weight,  was  found 
it  Kohlsville,  and  smaller  ones  at  Oregon,  Saukville,  Burlington, 
and  Plum  Creek  in  the  state  of  Wisconsin ;  at  Dbwagiac  in  Michi- 
gan ;  at  Milford  in  Ohio,  and  in  Morgan  and  Brown  counties  in 
Indiana.  The  appearance  of  some  of  the  larger  stones  in  their 
natural  size  and  shape  may  be  seen  in  Fig.  333. 

While  the  number  of  the  diamonds  sown  in  the  drift  is  undoubt- 
edly large,  their  dispersion  is  such  that  it  is  little  likely  they 
can  be  profitably  recovered.  The  distribution  of  the  localities  at 
which  stones  have  thus  far  been  found  is  set  forth  upon  Fig.  334. 
Obviously  those  that  have  been  found  are  the  ones  of  larger  size, 


Fra.  334. — G1m!*I  nuqi  of  B  porliDu  of  ItMOrmt  LdcwnefoD,  aliowlus  tlwni^ 
dated  ftrea  tuid  the  nn-iui  of  oldc^r  and  newer  drift.  The  drirtten  uttb.  Ok  nw 
rainm  of  tb?  Inter  ice  iovKdon,  lud  the  djatribution  of  diniiioiii]  loralitlcn  upo 
the  Inlter  are  alao  showD.  With  the  nJd  of  the  direotions  of  nrin  tome  Btlniilit 
mndf^  to  iodicatc  the  probslile  tracks  of  iqoic  important  <liuuoiiil<,  wiM 
DVerge  ia  the  dirCL^tiuo  of  the  Lalnrikdor  pGDiiisula> 
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ese  only  attract  attention.  In  1893,  when  the  finding  of 
;on  stone  drew  attention  to  these  denizens  of  the  drift, 
3r  prophesied  that  other  stones  would  occasionally  be  dis- 
under  essentially  the  same  conditions,  and  such  discoveries 
dn  to  continue  in  the  future. 

ated  comparison  of  the  glaciated  and  nonglaciated  re- 
-  It  will  now  be  profitable  to  sum  up  in  parallel  columns 
;rasted  peculiarities  of  the  glaciated  and  the  unglaciated 

NGLACIATED  REGION  GLACIATED  ReGION 

TOPOGRAPHY 

^pography  is  destructional ;  The  topography  is  constructional; 

suits  of  a  plain  are  found  at  the  remnants  of  a  plain  are  found 

)8t  levels  or  upon  the  hill  at  the  lowest  levels  in  lakes  and 

Is  are  carved  out  of  a  high  swamps ;    hiUs  are  molded  above  a 

istable  erosion  remnants  are  plain  in  characteristic  forms;    no 

istic.  unstable  erosion  remnants,  but  only 

rounded  shoulders  of  rock. 

drainage 

rea  is  completely  drained,  The  area  includes  undrained 
Irainage  network  is  arbor ea-    areas,  —  lakes  and  swamps,  —  and 

the  drainage  system  is  haphazard. 

ROCK  MANTLE 

:i>osed  rook  is  decomposed  No  decomposed  or  disintegrated 
tegrated  to  a  considerable  rock  is  ''in  place/'  but  only  hard, 
t  is  all  of  local  derivation  fresh  surface;  loose  rock  material 
B  of  few  types  —  homogene-  is  all  foreign  and  of  many  sizes  and 
)  fragments  are  angular;  types  —  heterogeneous;  rock  bowl- 
leached  and  hence  do  not  ders  and  pebbles  are  faceted  and 
arbonates.  polished  as  well  as  striated,  usually 

in  several  directions  upon  each 
facet ;  soils  are  rock  flour  —  the 
grist  of  the  glacial  mill. 

ROCK  SURFACE 

nirface  is  rough  and  irreg-        Rock  surface  is  planed  or  grooved, 

and  polished.     Shows  glacial  strisD. 

orted  and  assorted  drift.  —  The  drift  is  of  two  distinct 
namely;  that  deposited  directly  by  the  glacier,  which  is 
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without  stratiBpation,  or  unassorted ;  and  that  dep08it«d  by  w( 
flowing  either  beneath  or  from  the  ice,  and  this  like  most  fluid 
posited  material  is  assorted  or  stratified.  The  unassorted  mat* 
is  described  as  till,  or  sometimes  as  "  bowlder  clay  " ;  thi; 
sorted  is  sand  or  gravel,  sometimes  with  small  included  bowld 
and  is  described  as  kavie  gravel.  To  recall  the  parts  which  b 
the  glacier  and  the  streams  have  played  in  its  deposition,  all  wai 
deposited  materials  in  connection  with  glaciers  are  called  fit 
glacial. 

Till  is,  then,  characterized  by  a  noteworthy  lack  of  homogenn 
both  as  regards  the  size  and  the  composition  of  its  constituf 
parts.  As  many  as  twei 
different  rock  tj-pea  of  van 
textures  and  colors  mayaoni 
times  be  found  in  a  sinj 
exposure  of  this  material, 
the  entire  gamut  is  nin  fm 
the  Bnest  rock  flour  upon  d 
one  hand  to  bowlders  whd 
diameter  may  be  meanin 
in  feet  (Fig.  335). 

In  contrast  with  those 
rived    by    ordinary 
ion  jD  coarge  till.    Nuip  ihu    actiou,    the    pcbbles  u 
,1  the  moti^aiB  the  i,ick  of   bowMetB  of  the  till  are 

ind  the    Kued    lorm  ol  the  ,        .,      ,     <  ■■         > 

eted  or    soled,     and  usv 

show  striations    upon  t 

faces.     If  a  number  of  pebbles  are  examined,  some  at  least  are 

to  be  found  with  striations  in  more  than  one  direction  up 

single  facet.     As  a  criterion  for  the  discrimination  of  the  mat 

this  may  be  an  important  mark  to  be  made  use  of  to  dbting 

in  special  cases  from  rock  fragments  derived  by  brecciation 

ehckensiding  and  distributed  by  the  torrents  of  arid  and  semi 

regions, 

Inasmuch  as  the  capaci^  of  ice  for  handling  large  mass* 

greater  than  that  of  water,  nssorted  drift  is  in  general  less  ro: 

and,  as  its  name  implies,  it  is  also  stratified.     From  ordii 

stream  gravels,  the  kame  gravels  are  distinguished  by  the  fon 

their  pebbles,  which   are  generally  faceted    and  in  some  c 
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triated.  In  proportion,  however,  as  the  materials  are  much 
worked  over  by  the  water,  the  angles  between  pebble  faces  be- 
come rounded  and  the  original  shapes  considerably  masked. 

Features  into  which  the  drift  is  molded.  —  Though  the  pre- 
ensting  valleys  were  first  filled  in  by  drift  materials,  thus  reducing 
the  accent  of  the  relief,  a  continuation  of  the  same  process  resulted 
b  the  superimposition  of  features  of  characteristic  shapes  upon 
the  imperfectly  evened  surface  of  the  earlier  stages.  These 
features  belong  to  several  different  types,  according  as  they  were 
hiilt  up  outside  of,  at  and  upon,  or  within  the  glacier  margin. 
The  extra-marginal  deposits  are  described  as  outxcash  plains  or 
^ronsy  or  sometimes  as  valley  trains;  the  marginal  are  either 
Koratne8  or  kames;  while  within  the  border  were  formed  the  till 
iain  or  ground  morainey  and,  locally  also,  the  drumlin  and  the 
tfar  or  08.  These  characteristic  features  are  with  few  exceptions 
5  be  foujid  only  within  the  area  covered  by  the  latest  of  the  ice 
ivasions.  For  the  earlier  ones,  so  much  time  has  now  elapsed 
Slat  the  effect  of  weathering,  wash,  and  stream  erosion  has  been 
icb  that  few  of  the  features  are  recognizable. 

Marginal  and  extra-marginal  features  are  extended  in  the  direc- 
ion  of  the  margin  or,  in  other  words,  perpendicular  to  the  local 
!c  movement;  while  the  intra-marginal  deposits  are  as  note- 
worthy for  being  perpendicular  to  the  margin,  or  in  correspondence 
•ith  the  direction  of  local  ice  movement.  Each  of  these  features 
ossesses  characteristic  marks  in  its  form,  its  size,  proportions, 
iirface  molding  and  orientation,  as  well  as  in  its  constituent 
laterials.  It  should  perhaps  be  pointed  out  that  the  existing 
ontinental  glaciers,  being  in  high  latitudes,  work  upon  rock  ma- 
erials  which  have  been  subjected  to  different  weathering  processes 
rem  those  characteristic  of  temperate  latitudes.  Moreover,  the 
aelting  of  the  Pleistocene  glaciers  having  taken  place  in  relatively 
DW  latitudes,  larger  quantities  of  rock  d6bris  were  probably  releaped 
rem  the  ice  during  the  time  of  definite  climatic  changes,  and  hence 
leavier  drift  accumulations  have  for  both  of  these  reasons  resulted. 

Marginal  or  "  kettle  "  moraines.  —  Whei:ever  for  a  protracted 
)eriod  the  margin  of  the  glacier  was  halted,  considerable  deposits 
if  drift  were  built  up  at  the  ice  margin.  These  accumulations 
brm,  however,  not  only  about  the  margin,  but  upon  the  ice  sur- 
well ;  in  part  due  to  materials  collected  from  melting  down 
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ot  the  surface,  and  in  part  by  the  upturning  of  ice  layers 
raar^n  (see  oTifc,  p.  277), 

An  important  r61e  is  played  by  the  thaw  water  which  emerBo 
at  the  ice  margin,  especially  within  the  reentrants  or  reoeaspgof 
the  outline.  The  materials  of  moraines  are,  therefore,  till  with 
large  local  deposits  of  karae  gravel,  and  these  form  in  a  e&m  U 
ridges  corresponding  to  the  temporary  positions  of  the  ice  front. 
Their  width  may  range  from  a  few  rods  to  a  few  miles,  their  bei^ 
may  reach  a  hundred  fpet  or  morr, 
and  they  stretch  across  the  cotintry 
for  distances  of  hundreds  or  evoi 
thousands  of  miles,  looped  in  arcs 
nr  srnllops  which  are  alwaj's  coDvrt 
I  :T,\:^rd  and  which  meet  in  shaip 
i  i:  |i-  that  in  a  general  way  p'ml 
toward  the  embossment  of  tiw 
former  glacier  (Fig.  334,  p.  308,  and 
Fig.  336).  These  festoons  of  the 
moraines  outline  the  ice  luhes  of 
the  latest  ice  invasion,  which  io 
North  America  were  centered  ovw 
the  depressions  now  occupied  by  the 
Laurentian  lakes.  There  was,  thus, 
a  Lake  Superior  lobe,  a  Lakp  MJcb- 
igan  lobe,  etc.  With  the  iud  <i 
these  moraine  maps  we  may  thus 
in  imagination  picture  in  broad  lin« 
the  frontal  contours  of  the  earlitf 
glaciers.  At  specially  favorabli-  lo- 
calities where  the  ice  front  bw 
crossed  a  deep  valley  at  the  edge  of 
the  Driftless  Area,  we  may,  even  in  a  rough  way,  measure  thedcij* 
of  the  ice  face.  Thus  near  Devils  Lake  in  southern  Wisconsin  U* 
terminal  moraine  crosses  the  former  valley  of  the  Wisconsin  diw, 
and  in  so  doing  has  dropped  a  distance  of  about  four  hundred  fert 
within  the  distance  of  a  half  mile  or  thereabouts  (Fig.  337). 

The  characteristic  surface  of  the  marginal  moraine  is  rcspon.«iblr 
for  the  name  "  kettle  "  moraine  so  generally  applied  to  it.  The 
"  kettles  "  are  roughly  circular,  undraiued  basins  which  lie  among 


Fia.  336.  —  Sketch  miip  of  portions 
of  Michigan,  Ohio,  and  Indinna. 
showiDS  the  Festooned  outlinea  of 
the  mortunes  about  the  former  ice 
lobes,  and  the  direcUons  of  ice 
movemcDl  as  determined  by  the 
BtrifB  upon  the  rocic  pavement 
(after  Leveren). 
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Flo.  337.^  Mop  of  Ihe  vicjiiity  of  Devils  Lake,  Wiscousiu,  located  withiD  a  re£a- 
trsnt  of  the  "kettle"  moraine  upon  the  miirgio  of  the  DnftlesB  Area,  The  lake 
lice  within  an  earlier  channel  of  tbe  WiBconain  River  which  hna  been  blocked  ftt 
both  ends,  fint  by  the  glacier  and  later  by  its  moraioe.  The  stippled  area  upon 
(he  heights  and  next  the  moraine  represents  the  clay  depouls  of  a  former  laka 
(baaed  on  map  by  Salisbury  and  Atwood). 


Tia.  338.  — Moraine  with  outwash  apron  in  (root,  the  latter  in  part  eroded  by  » 
river.    WeatergdtlMid,  Sweden  (after  H.  Muntbe). 
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ummocks  or  knobs,  so  that  the  surface  has  often  been  rrfemd 
to  as  "  knob  and  baain  "  topography  (plate  17  C). 

Kames.—  Within  reentrants  or  recesses  of  the  ice  margin  the 
drift  deposits  were  especially  heavy,  so  that  high  bills  of  hummock}' 
surface  have  been  built  up,  which  are  described  as  kames.  Mosl 
of  the  higher  drift  hills  have  this  origin.  They  rarely  have  sny 
principal  extension  along  a  single  direction,  but  are  conipueed  in 
large  part  of  assorted  materials.  In  contrast  with  other  portiofi* 
of  the  morainal  ridges  they  lack  the  prominent  basins  known  at  | 
kettles.      Other  kames  are  high  hills  of  assorted  materials  not  ig 

direct    association    with  i 

K^     "  "^-^  ".A^-    '  ■         J     raines  and   believed  to  hn 

*'  l>i'on  built  up  beneath  gl 

wrlls  ormills  (p.  278). 

Outwash  plains.  —  Tpoiii 
outer  margin  of  the  moraine 
is  generally  to  be  found  a  plun 
of  glacial  "  outn'ash 
posed  of  sand  or  gravel  ilt- 
posited  by  the  braided  streams 
(Fig.  308,  p.  280)  flowing  from 
the  glacier  margin.  Such 
plains,  while  notably  fiat  (Fig. 
338),  slope  gently  away  from  the  moraine.  Between  the  oiilwafh 
plain  and  the  moraine  there  is  sometimes  found  a  pit,  or  /ow 
(Fig.  309,  p.  281),  where  a  part  of  the  ice  front  was  in  part  buried 
in  its  own  outwash  (Fig.  339). 

Pitted  plains  and  intertobate  moraines.  —  Where  glacial  outwash    \ 
is  conccntriited  within  a  long  and  narrow  reentrant,  separating    | 
glauial  lobes,  strips  of  high  plain  are  sometimes  built  up  which 
overtop  the  other  glacial  deposits  of  the  district.     The  sand  and    } 
gravel  which  compose  such  plains  have  a  surface  which  Je  pitt«d  by    , 
numerous  deep  and  more  or  less  circular  lakes,  so  that  the  icna 
"pitted  plain  "  has  been  applied  to  them.     The  surface  of  such  a    * 
plain  steadily  rises  toward  its  highest  point  in  the  angle  betwem    ' 
the   ice   lobea.     Though   consisting  almost   entirely   of  assorted 
materials,  and  built  up  largely  without  the  ice  margins,  suii 
gently  sloping  pitted  platforms  are  described   as  irderlobaie  nw- 
raines.    Upon  a  topographic   map  the  course  of  such  an  inter'    . 


Fill.  339.  —  FoBse  bclwM-u  niiuulwashiilaii 
(in  the  (ortgrDuod)  and  the  moraine 
which  ris(-s  to  the  left  iu  tbo  middle  dis 
taDco.     Ann  Arbor,  Micbignn. 


L  iUtltC^.         1 
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moraine  may  often  be  followed  by  the  belts  of  small  pit 
ikes  {sec  Fig  336) 
Eskers  —  Intra  moramil  features   or  those  developed  beneath 
e  glacier  but  relatively  near  it--  margin  include  the     serpentine 
i      esker     or 
;  IS   called  in 
dm  1  via  the  oa 
■al  oaar)  (Fig 
10}      These     di 
inutive        ridges 
;  a  width  sel 
exceeding   a 
rods,    and    a 
l^ht  a  few  tens 

eet  at  most,  but  with  slightly  sinuous  undulations  tbey  may  be 

itlowed  for  t«ns  or  even  hundreds  of  miles  in  the  general  direction 

the  local  ice  movement  (Fig.  341).     They  are  composed  of 


r-<  »-'" 


"-^i- 


Fio.  310. - 


a  csker in  southern 


i,  341.  — Oullioe  map  ahowing  the  cakers  of  Finland  trondrng  Bouthcusi 
I  ward  the  (pstotmpd  morompB  at  th«  morgm  of  the  ice.  The  phiiraPlerifll 
Fgfa^BciBled  revDD  appear  behind  the  moroiQes  (sfter  J.  J.  SederhoEin}. 
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poorly  stratified,  thick-bedded  sands,  gravels,  and  "  worked  am" 
materials,  and  are  believed  to  have  been  formed  by  Bubglanil 
rivers  which  flowed  in  tunnels  beneath  the  ice.  Inasmuch  as  the 
deposits  were  piled  against  the  ice  walls,  the  beds  were  disturbed 
at  the  sides  when  these  walls  disap- 
peared, and  the  stratification,  vhicb 
was  Bome^at  arched  in  the  bediming, 
has  been  altered  by  sliding  at  both 
margins.  .  As  already  stated,  eskns 
have  not  a  general  distribution  nithio 
the  glaciated  area,  but  are  often  found 
in  great  numbers  at  specially  favored 
localities.  Formed  aa  they  are  beneath 
the  ice,  it  is  believed  that  many  have 
their  materials  redistributed  so  soon  u 
uncovered  at  the  glacier  mar^,  be- 
cause of  the  vigorous  drainage  there. 
They  are  thus  to  be  found  only  at  those 
favored  localities  where  for  some  reasoa 
border  drainage  is  less  active,  or  where 
the  ice  ended  in  a  body  of  wat«r. 

Drumlins.  —  A  peculiar  type  of  small 
hill  likewise  found  behind  the  margiiul 
moraine  in  certain  favored  districts  hi^ 
the  form  of  an  inverted  boat  or  canoe, 
the  long  axis  of  which  is  parallel  to 
the  direction  of  ice  movement,  as  is 
that  of  the  esker  (Fig.  342).  Unlike 
the  esker,  this  type  of  hill  is  composed 
'  of  till,  and  from  being  found  in  Ireland 
it  is  called  a  drumlin,  the  Irish  wopl 
meaning  a  little  hill  (Fig.343).  Drum- 
lins are  usually  found  in  groups  more 
or  less  radial  and  not  fnr  behind  the 
outermost  moraine,  to  which  their  radiating  axes  are  perpendicular. 
The  manner  of  their  formation  is  involved  in  some  uncertainly, 
but  it  is  clear  that  they  have  been  formed  beneath  the  mai^  of 
the  glacier,  and  have  been  given  their  shape  by  the  last  g^aciff 
which  occupied  the  district. 


Fj.i.  342.— S 
showiiiR    th 

nail    sketch    nm|>9 
relatioiiahipa    in 

azv.  proportiouB,  and  orienta- 

southcrD    Wisi^onsin.     The  <?8- 
kers  are  in  solid   black   (after 

Allien). 


Upon  the  sea,  no  doubt  existed  during  the  ice  age  above  the  Gulf 
of  Maine  (see  Fig.  324,  p.  298),  and  perhaps  also  over  the  deep  sea 
to  the  westward  uf  Scotland.  Though  the  inland  ice  probably 
povered  the  North  Sea,  and  upon  the  American  side  of  the  Atlantic 
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The  mutual  relationships  of  nearly  all  the  molded  features  ] 
resulting  from  continental  glaciation  may  be  read  from  Fig.  344. 

The  Bhelf  ice  of  the  ice  age. — Shelf  ice,  such  as  we  have  become  J 
familiar  with  in  Antarctica  as  a  marginal  anow-ice  terrace  floating! 


Fra.  344.  —  Outline  map  of  the  front  of  the  Green  Bay  lobe  of  the  la 

^dcr  of  the  United  States.  DrumlinB  in  eotid  blsfk.  moraincn  with  diuiiuDal 
bschure,  outwoab  plains  Bod  the  till  plun  or  ground  morune  in  white  (after 
AUec). 

the  Long  Island  Sound,  both  these  basins  are  so  shallow  that 
[  the  ice  must  have  rested  upon  the  bottom,  for  neither  b  of 
sufficient  depth  to  entirety  submerge  one  of  the  higher  European 
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Character  profiles.  —  All  surface  features  referable  to  continental 
glaciers,  whether  carved  in  rock  or  molded  from  loose  materials, 
present  gently  flowing  outlines  which  are  convex  upward  (Rg. 
345).  The  only  definite  features  carved  from  rock  are  the  rocAa 
numUmnies,  with  their  flattened  shoulders,  while  the  hillocks  upon 


Fig.  345.  —  Character  profiles  referable  to  continental  gjader. 

moraines  and  kames,  and  the  drumlins  as  well,  approximate  to 
the  same  profile.  The  esker  in  its  cross  sections  is  much  the  same, 
though  its  serpentine  extension  may  offer  some  variety  of  curvature 
when  viewed  from  higher  levels. 
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GLACIAL   LAKES   WHICH   MARKED   THE   DECLINE  0? 

THE  LAST  ICE  AGE 

Interference  of  glaciers  with  drainage.  —  Every  advance  and 
every  retreat  of  a  continental  glacier  has  been  marked  by  a  c(Hn- 
plex  series  of  episodes  in  the  history  of  every  river  whose  territory 
it  has  invaded.  Whenever  the  valley  was  entered  from  the  direc- 
tion of  its  divide,  the 


^W^SBfchSw^.^^. 


Fig.  346.  —  The  Illi..ois  River  where  it  passes  through 
the  outer  moraine  at  Peoria,  IlHnois,  showing  the 
flood  plain  of  the  antient  stream  as  an  elevated 
terrace  into  which  the  modern  stream  has  cut  its 
gorge  (after  Goldthwait). 


effect  of  the  advanc- 
ing ice  front  has  g^- 
erally  been  to  swdl 
the  waters  of  the  river 
into  floods  to  which 
the  present  streams 
bear  little  resemblance 
(Fig.  346).  Because 
of  the  excessive  melt- 
ing, this  has  been  even 
more  true   of  the  ice 


retreat,  but  here  when 
the  ice  front  retired  up  the  valley  toward  the  divide.  A  sufficiently 
striking  example  is  furnished  by  the  Wabash,  Kaskaskia,  Illinois, 
and  other  streams  to  the  southward  of  the  divide  which  surrounds 
the  basin  of  the  Great  Lakes  (Fig.  347). 

Wherever  the  relief  was  small  there  occurred  in  the  inmiediatc 
vicinity  of  the  ice  front  a  temporary  diversion  of  the  streams  by  the 
parallel  moraines,  so  that  the  currents  tended  to  parallel  the  ice 
front.  This  temporary  diversion  known  as  "  border  drainage " 
was  brought  to  a  close  when  the  partially  impounded  waters  had, 
by  cutting  their  way  through  the  moraines,  established  more  perma- 
nent valleys  (Fig.  348). 
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Temponij  UfceB  doe  to  ice  blocking.  —  Whenever,  on  the  con- 
rary,  the  advancing  ice  front  entered  a  valley  from  the  direction 
if  ita  naouth,  or  a  re- 
rtaiijig  ice  front  retired 
Ujwn  the  vaUey,  quite 
lifFerent  results  fo!- 
cnred,  since  the  waters 
rere  now  impounded 
vy  the  ice  front  serving 
ts  a  dam.  Though  the 
listories  of  such  block- 
ng  of  rivers  are  often 
piite  complex,  the  prin- 
iqiles  which  underhe 
iiem  are  in  reality  aim- 
^  enough.  Of  the 
akea  formed  durii^  ad- 
randng  hemicycles  of 
^acsation,  and  of  all 
tave  the  latest  reced- 
Bg  hemicycle,  no  satis- 
'BCtory  records  are  pre- 
terved,  for  the  reason 
iiat  the  lake  beaches  and  the  lake  deposits  were  later  disturbed 
ind  buried  by  the  overriding  ice  sheets.    We  have,  however,  every 


Fia.  347.  —  Broadly  terraced  valleys  outside  the 
divide  of  the  St.  Lawrence  basin,  which  remBJa  to 
marie  the  floods  that  issued  from  the  latest  cod- 
tinental  glacier  during  its  retreat  (after  Leverett). 


he.  348. — Border  drainage  about  the  retreating  ice  front  south  of  Lake  Enc 
The  stippled  areas  are  the  morainal  ndgca  and  the  hachured  bands  the  valleya 
d(  border  drainage  (after  Leverett). 

Rason  to  suppose  that  the  histories  of  each  of  these  hemicycles 
Were  in  every  way  as  complex  and  interesting  as  that  of  the  one 
which  we  are  permitted  to  study. 
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Afl  an  mmidaetioQ  to  tbe  study  of  the  ioe-blocked  lakee  of  Xwth  i 
America,  and  to  set  forth  sf!  clearly  as  may  be  the  fuodamaiUl '' 
pnadples  upon  irtiicfa  such  lakes  are  d^peodent.  we  shall  conadtr 
in  eame  detaH  the  bte  facial  history  of  certain  of  the  ScotUjh ' 
^ens,  since  their  area  is  so  small 
and  tbe  relief  so  strong  that  td>- 
tioosbips  are  more  easily  seen:  H 
is,  ao  to  speak,  a  pocket  nlitioa 
of  tbe  history  of  the  more  a-  i 
tended  glacial  lakes.  i 

The  "parallel  roads"  of  tkl 
'"  "*  Scottish  glens.  —  In  a  number  \ 
of  neighboring  glens  within  tba< 
southern  highlands  of  Scotland' 
there  are  found  faint  terraces  npon  the  glen  walls  which  under  tba  | 
name  of  tbe  "  parallel  roads  "  (Fig.  349)  have  offered  a  vend  | 
problem  to  scientists.  Of  the  many  scientists  who  lung  utienipted 
to  exjrfain  them,  tbou^  in  vain,  was  Charles  Darwin,  tlie  fatbff 
of  modem  evolution.     He  offered  it  as  his  view  that  the  "  roads " 


Fm.  318.— Tbe  ' 

of  Sro<J«>d(BfterJi 


Tta.  350.  —  -lisp  of  Glen  Roy  aod  neighborine  valleys  of  the  SM^ttiBb  hisMu<i»iA|l 
the  >o-cs!led  "mads"  catered  iu  btravy  liaet.  Glens  Roy.  Oliatcr.  sod  ^f'l 
bave  three  "roBda."  two  "rooda."  and  one  "road,"  roipeotively  [after  Juuaui}- 1 

were  beaches  formed  at  a  time  when  the  sea  enten«d  the  ^M: 

and  stood  at  these  levels.     When,  however,  Jamieson's  BtoM 

had  discovered  their  true  history,  Darwin,  with  a  frankness  dia> 

I  acteristio  of  some  of  the  greatest  scientists,  admitted  how  far  taom 
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t  had  been  in  his  reasoning.  Let  us,  then,  first  examine  the  facts, 
&d  later  their  interpretation.  The  map  of  Fig.  350  will  suffice 
)  Bet  forth  with  sufficient  clearness  the  course  of  the  several 
roads."  These  "  roads  "  are  found  in  a  number  of  glens  tribu- 
ay  to  Loch  Lochy,  and  of  the  three  neighboring  valleys,  Glen 
oy  has  three,  Glen  Glastcr  two,  and  Glen  Speaii  one  "  road," 
e  facte  of  greatest  significance  in  arriving  at  their  interpretation 
date  to  their  elevations  with  reference  to  the  passes  at  the  valley 
Bsds,  their  abrupt  terminations  down-valleyward,  and  the  mo- 
c  accumulations  which  are  found  where  they  terminate.  The 
iglc  "  road  "  of  Glen  Spean  is  found  at  an  elevation  of  898 
.,  a  height  which  correspontla  to  that  of  the  pass  or  col  at  the 
d  of  its  valley  and  to  the  lowest  of  the  "  roads  "  in  both  Glens 
laster  and  Hoy.  Similarly  the  upper  of  the  two  "  roads  "  in 
len  Glaster  is  at  the  height  of  the  pass  at  its  head  (1076  feet) 
id  corresponds  in  elevation  to  the  middle  one  of  the  three  "roads" 
I  Glen  Roy.  Lastly,  the  highest  of  the  "roads  "  in  Glen  Roy  is 
nind  at  an  elevation  of  1151  feet,  the  height  of  the  col  at  the  head 
)f  the  Glen.  In  the  neighboring  Glen  Gloy  is  a  still  higher  "  road  " 
eonesponding  likewise  in  elevation  to  that  of  the  pass  through 
rtich  it  connects  with  Glen  Roy. 
To  come  now  ia  the  explanation  of  the  "  roads,"  it  may  be  said 
t  the  outset  that  they  are,  as  Darwin  supposed,  beach  terraces 
it  by  waves,  not  as  he  believed  of  the  ocean,  but  of  lakes  which 
ice  filled  portions  of  the  glens  when  glaciers  proceeding  from 
m  Nevis  to  the  southwestward  were  blocking  their  lower  por- 
JOfl.  The  several  episodes  of  this  lake  history  will  be  clear  from 
istudy  of  the  three  successive  idealistic  diagrams  in  Fig.  351. 
To  derive  the  principles  underlying  this  history,  it  is  at  once 
a  that  all  changes  are  initiated  by  the  Tetiremeni  of  the  ice  front 
9  tach  a  pmnl  that  it  unblocks  for  the  waters  of  a  lake  an  outlet  that 
t  lower  than  the  one  in  service  at  the  lime.  This  is  the  principle 
rfcjch  explains  nearly  all  episodes  of  glacial  lake  history.  Thus, 
lien  the  ice  front  had  retired  so  as  to  open  direct  connections 
etween  Glen  Roy  and  Glen  Glaster,  the  col  at  the  head  of  Glen 
oy  was  abandoned  as  an  outlet,  and  the  waters  fell  to  the  level 
i  for  Glen  Glaster.  A  still  further  retirement  at  last  opened 
rect  connection  between  Glen  Glaster  and  Glen  Spean,  so  that 
e  lake  common  to  Glens  Glaster  and  Roy  fell  to  the  level  of  the 
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F[a.  351. —  Three  aucceseivu  diagrama  to  set  forth  in  order  tile  Ute  glicfl  I*'' 
history  of  the  Scottish  glena. 
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d1  which  was  tiie  outlet  of  the  Spean  valley  at  the  time.  Thie 
tage  cootJDued  until  the  ice  front  had  retired  so  far  that  the  vaters 
irained  naturally  down  the  river  Spean  to  Loch  Lochy  and  thence 
o  the  ocean. 

Only  in  their  far  grander  scale  and  in  the  lesser  relief  of  the  land 
tver  which  they  formed,  do  the  complex  historiee  of  the  great 


^o.  352.  —  HKTveflting  time  on 


e-blocked  lakes  of  North  America  differ  from  these  little  valley 
Jces  whose  beaches  may  be  visited  and  the  relationships  worked 
lit,  Uianks  to  Jamieson,  in  a  single  day's  strolling. 
The  glacial  Lake  Agassiz.  —  The  grandest  of  the  temporary  lakes 
sfersble  to  blocking  by  the  continental  glaciers  of  the  ice  age 
lust  be  looked  for  in  the  largest 
alleys  that  lay  within  the  terri- 
)ry  invaded  and  which  nonnally 
■ain  toward  the  retiriTtg  ice  front. 
1  North  America  these  rivers  are 
le  Red  River  of  the  North  in 
[innesota,  the  Dakotas,  and  Mani- 
iba;  and  the  St.  Lawrence  River  — *^c;w-^ 
/stem.  To  the  ice  dam  which  lay 
;ro88  the  Red  River  valley  we 
we  the  fertility  of  that  vast  plain 
f  lake  deposits  where  is  to-day  the  F'o-Sfia.— Mapof  LatoAgaKui  (attar 
lost  intensive  wheat  farming  of 

16  northwest  (Fig.  352).  Lakes  Winnipeg,  Winnipegoosis,  and 
lanitoba,  and  the  Lake  of  the  Woods,  are  all  that  now  remain  of 
lifl  greatest  of  the  glacial  lakes,  which  in  honor  of  the  distinguished 
)under  of  the  glacial  theory  has  been  called  Lake  Agassiz  (Fig. 
53).    With  their  natural  outlet  blocked  by  the  ice  in  northern 
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Manitoba  and  Keewatin,  the  waters  of  the  Red  were  swollen  h, 
melting  from  the  retiring  glacier  and  spread  over  a  vast  area  bdn 
finding  a  southern  outlet  along  the  course  of  the  preseat  Laki 
Traverse  and  the  valley  of  the  Minnesota  River.     Along  titis  nmtc 


there  flowed  a  mighty  flood  which  carved  out  a  broad  valley  wu 
times  too  large  for  the  Minnesota,  its  present  occupant,  and  tt 
giant  prehistoric  river  has  been  called  the  Warren  River  (Fig.  35i 
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It  18  interesting  to  follow  this  ancient  waterway  and  to  discover 
liaty  like  our  normal,  present-day  streams,  it  was  held  up  in  narrows 
rhsstever  outcroppings  of  harder  rock  had  constricted  its  channel 
Pig.  355).    The  upper  end  of  the  Warren  River  valley  is  now 


u  355.  —  Narrows  of  the  Warren  River  below  Big  Stone  Lake,  where  it  passed 
between  jaws  of  hard  granite  and  gneiss  (after  Upham). 


cupied  by  the  long  and  relatively  narrow  Lakes  Traverse  and 

ig  Stone,  each  the  result  of  blocking  by  delta  deposits  where  a 

ibutary  stream  has  emerged  into  the  valley,  but  this  gigantic 

lannel  continues  down  to  and  beyond  Minneapolis,  occupied  as 

X  as  Fort  Snelling   by  the 

[innesota    River  —  a    mere 

ygmy  compared  to  its  prede- 

58sor.   To  the  earnest  student 

f  glacial  geology  there  can  be 

w  sights  more  unpressi  ve  than 

Pe  obtained  by  standing  at 

ort  Snelling,  just  above  the 

>nfluence  of  the  Minnesota 

nd  the  Mississippi  rivers,  and 

irveying  first  the  steep  and 

arrow  valley  of  the  Missis- 

ppi  above  the  junction,  —  a 

Team  fitted  to  its  valley  for  no.  356.  — Map  of  the  valley  of  the  Warren 

le  simple  reason  that  it  has  ^^er  in  the  vicinity  of  MinneapoUs,  with 

J    . .               J    xi-                •  the  young  valley  of  the  Mississippi  enter- 

Urved   it,  — and   then  gazing  i^gH  at  Fort  Snelling  (after  Sardeson). 

J  and  down  that  broad  valley 

which  the  great  Warren  River  once  flowed  majestically  to  the 
a,  now  the  bed  of  the  Minnesota  above  the  Fort  and  of  the  Mis- 
ssippi  below  it  (Fig.  356)/ 
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Just  as  the  "  parallel  roads  "  of  Glen  Roy,  roads  in  name  oily, 
are  the  beaches  of  earlier  glacial  lake  stages,  so  in  Lake  Aguni 
we  have  parallel  beaches  of  the  barrier  type  which  are  often  roadi 
in  fact  as  well  a&  in  name,  and  which  mark  the  stages  of  succeaon 
lakes  within  this  vast  basin.  The  Herman  beach,  correspoDdiiii 
to  the  highest  level  of  the  lake,  is  thus  a  sharp  topograi^ic  bound- 
ary between  lake  deposits  and  morainal  accumulations,  and  ii 


Piu,  357.  —  Portion  of  tlic  HrTirinn  (luiidroimto  of  Minnpsota.  showing  the  p 
of  thL>  Herman  braph  on  thp  iihare  of  tho  form™  Lake  Asoftrii.  The  lakt  1 
to  the  left,  and  the  pitted  nioraiual  dtposita  appear  to  the  right  (U.  S.  G.  S.l 


furf  her  itself  a  well-marked  topographic  feature  composed  of  wave- 
washed  and  hence  well-drained  materials  (Fig.  357).  Farmer  of 
thf  district  have  been  quick  to  realize  that  these  level  and  sligjitly 
elevated  ridges  lack  the  clay  which  would  render  them  muddy  in 
the  wet  seasons,  and  are  thus  ideally  adapted  for  roads.  They 
have  in  many  sections  been  thus  used  over  long  stretches  and  are 
known  as  the  "ridge  roads." 
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^■odes  of  the  glacial  lake  history  within  the  St.  Lawrence 

By.  —  Within  this  great  drainage  baain  it  has  apparently 
I  poesible  to  read  the  records  of  each  stage  in  the  latest  lake 
complex  as  this  haa  lieen.  We  have  only  to  recall  the 
stages  cited  from  the  Scottish  glens  and  remember  that  each 
stage  was  begun  in  a  retirement  of  the  glacier  front  which  mi- 
:ed  an  outlet  of  lower  level  than  the  last.  This  sequence 
it,  however,  have  been  varied  by  a  temporary  readvance  of  the 
as  indeed  once  occurred  in  the  Huron-Erie  lobe  of  the  great 
,h  American  glacier. 

le  crescentic  lakes  of  the  earlier  stages. — So  long  a^  the 
i-ercd   the   entire   drainage  basin  of  the  St.  Lawrence 


'^■^ 


L368.  — Thetonliupctal  ulapicr  o[  North  Amerirs  in  an  early  Btago  ot  its  rerea- 
pn,  when  it  covered  the  entire  9t.  Lawreace  droioage  basin.  The  dashed  line 
f  the  approiimate  poidtion  of  tho  divide  (based  on  a  map  by  Gotdtbwait). 

per  system,  all  water  was  freely  drained  away  by  streams  which 
ired  away  from  the  ice  front  (Fig.  358).  So  soon,  however, 
at  any  point  the  front  had  retired  behind  the  divide,  impound- 
;  of  the  waters  must  locally  have  occurred.  Lakes  of  this  type 
j  to-day  to  be  seen  in  Greenland  and  in  the  southern  Andes ; 
f  though  upon  a  diminutive  scale,  some  idea  of  their  aspect  may 
'.obtained  from  the  appearance  "of  the  Marjelen  Lake  of  Swit- 
l,  here  blocked  by  a  mountain  glacier  (Fig.  4W,  p.  411). 
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FiQ.  359. — Outline  map  of  the 
early  Lake  Maumee,  with  the 
bordering  moraine  and  the 
water-laid  moraine  remaining 
on  the  site  of  the  former  ice  cliff . 

Within  each  of  the  Great 
peared  at  that  end  of  the 


Within  all  areas  of  small  relief,  sudk  as 
the  prairie  country  surrounding  the 
present  Laurentian  lakes,  the  earlier 
and  smaller  stages  of  such  ice-Uocked 
lakes  are  generally  crescentie  in  out- 
line. This  is  because  a  moraine  ia 
most  cases  forms  the  land  margin  of 
the  lake,  and  because  the  ice  cCS 
upon  the  opposite  border,  althou^ 
somewhat  straightened,  as  a  conse- 
quence of  wave-cutting  and  iceberf; 
formation,  still  retains  the  convex 
outlines  characteristic  of  ice  lobes 
(Fig.  359). 

Lake  basins  a  crescentie  lake  early  ap- 
depression  which  was  first  unooveied 


Fig.  360.  —  Map  to  show  the  first  stages  of  the  ice-dammed  lakea  within  the 
:^t.  Lawrence  basin  (after  Loverett  and  Taylor). 
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L  \ty  the  glacier :  Lake  Duluth  in  the  Superior  basin,  Lake  Chicago  I 
Mb  the  Michigan  basin,  and  Lake  Maumee  in  the  Huron-Erie  | 
|bwiD(Fig.360). 

We  may  now,  with  profit,  trace  the  successive  episodes  of  the  I 
k  facial  lake  history,  considering  for  the  earlier  stages  those  changes^ 
I  which  occurred  within  the  Huron-Erie  basin,  since,  these  an 
I  essential  respects  like  those  of  the  Michigan  and  Superior  basins,  j 
■  although   worked   out   in   greater   detail.     Lake   Chicago   must, 
I  however,  be  brouglit  into  consideration,  since  in  all  save  the  earli- 

it  and  the  later  stages,  the  waters  from  the  Huron-Erie  depresaioa  I 
I  Were  discharged   through   the   Grand   River   into  this  lake  ood 
I  Ihencc  by  the  so-called  "  Chicago  outlet "  into  the  Mississtp[n 
(plate  20  A). 

Tlie  early  Lake  Maumee.  —  The  area,  outline,  and  outlet  of  j 
this  lake  are  indicated  upon  Fig,  360.     Its  ancient  beaches  have  i 
been  traced,  as  well  as  the  water-laid  moraine  beneath  its  former  I 
_icgj^ft;    and   no  observant   traveler  who  should  take  his  way 
^the  ancient  outlet  from  Fort  Wayne,  Indiana,  past  the  town 
Utington,  could  fail  to  be  impressed  by  its  size,  suggesting 
s  the  great  volume  of  water  which  must  once  have  flowed 
Now  a  channel  a  mile  or  more  in  width,  its  bed  for  the 
y-five  miles  between  Fort  Wayne  and  Huntington  may  be 
rom  the  tracks  of  the  Wabash  Railway  as  a  series  of  swamps 
JJF,  while  at  Huntington  the  Wabash  river  enters  by  a  young   i 
i  valley  at  the  aide,  ranch  as  the  Mississippi  emerges  into 
1  channel  of  the  Warren  River  at  Fort  Snelling,  Minnesota 
fc327). 

I  Huron  River  of  southern  Michigan,  which  now  discharges-  i 
ike  Erie,  then  found  its  lower  course  blocked  by  the  glacier  f 
Ims  thus  compelled  to  6nd  a  southerly  directed  channel  i 
'  followed  to  the  northern  horn  of  the  crescent  of  Lake 


rhe  later  Lake  Maumee.  —  When  the  ice  lobe  had  retired  its 
I  front  sufKfiently,  an  outlet  lower  than  that  at  Fort  Wayne  waa 
I  uncovered  past  the  city  of  Imlay,  Michigan,  into  the  Grand  ^ 
I  RivCT,  and  thence  through  Lake  Chicago  and  its  outlet  into  the 
I  Mississippi.  This  old  outlet  south  of  Chicago  follows  the  course 
Wot  the  present  Drainage  Canal  and  the  line  of  the  Chicago  & 
I.Alton  Railway.     The  traveler  journeying  southward  by  train  from   ' 
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Our  records  of  this  third  North  American  lake  stage, 
rred  to  as  Lake  Arkona,  are  however  most  imperfect,  for  the 
ion  that  it  was  followed  by  a  readvance  of  the  ice  front  which 


—  OuUiue  map  oS  Lakes  Whittli 


ed  the  passage  around  "  the  thumb  "  and  raised  the  level  of 
waters  until  an  outlet  was  found  post  the  town  of  Ubiy  at  a 
er  level  than  the  "  Imlay  outlet."     When  the  waters  of  a 


363.  —  Map  of  the  gUciaJ  Lake  Warren,  tho  taat  ot  the  laksa  ia  the  Huron-Erie 
Ida.  which  du<^huged  through  the  "  Grand  River  outlet "  into  the  Misiiuippi 
Iter  Leverett). 

s  are  thus  rising,  strong  beach  formations  result,  and  those  of 
I  stage,  which  is  known  as  the  Lake  Whittlesey  stage,  are  much 
strongest  that  are  found  within  the  Huron-Erie  basin.     Traced 


334  EARTH  FEATURES  AND  THEIR  MBANIMO 

for  some  three  hundred  miles  entirely  around  the  southern  ud 
western  margins  of  Lake  Erie,  this  beach  is  for  much  of  the  diB- 
tance  the  famous  "  ridge  road  "  (Fig.  362). 

Lake  Warren.  —  As  the  ice  advance  which  had  produced  Lake 
Whittlesey  came  to  an  end,  the  normal  recession  was  resumed 
and  3  lake  once  more  formed  as  a  body  common  to  the  Sa^niv 
and  Erie  basins.  This  lake,  known  as  Lake  Warren,  extended 
a  shrunk  arm  far  eastward  along  the  ice  front  into  western  New 
York,  though  it  was  still  blocked  from  entering  the  great  Mo- 
hawk valley  {Fig.  363). 

Lakes  Iroquois  and  Algonquin. —  It  must  be  evident  that 
toward  the  close  of  the  Lake  Warren  stage  a  profound  chaoge  wu 


^ 

;        (  i     ^\r 

_^^^^ 

X'~jJ-:2-&' 

i 

Fia.  364.  —  Map  of  tbc  Glacial  Lake  AlKonquia  (after  Leverett). 

imminent  —  a  transfer  of  the  glacial  waters  from  their  course  to 
the  Missisi;ippi  and  the  Gulf  to  the  trench  which  crosses  Ne» 
York  State  and  enters  the  Atlantic.  So  soon  as  the  ice  front  had 
retired  sufficiently  to  lay  bare  the  bed  of  the  Mohawk,  an  outlet 
was  found  by  this  route  and  its  continuation  down  the  Hudson 
valley  to  the  sea.  The  Lake  Ontario  basin  now  became  occupied 
by  a  considerably  larger  water  body  known  as  Lake  Iroquois,  and 


Bup 
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I  upper  lakes,  then  joined  as  Lake  Algonquin,  discharged 
lombined  waters  into  Lalce  Iroquois  at  first  tiirough  a  great 
el  now  strongly  marked  across  Ontario  in  the  course  of  the 
River  and  Luke  Simcoe,  the  so-called  "  Trent  outlet." 
is  lime  a  smaller  Lake  Erie  probably  occupied  the  basin  of 
Bke,  and  later  the  Trent  outlet  was  abandoned  for  the  Port 
I  outlet  (Fig.  364). 

I  Niptssing  Great  Lakes.  —  We  have  now  followed  the  ice 
step  by  step  in  its  retreat  across  the  valley  of  the  St.  Law- 
system.  The  successive  unblocking  of  outlets  offers  but 
urther   possibiUty  —  the  opening  of  the  French  River-Nip- 


Lake-Ottawa  River,  or  "  North  Bay  outlet."  Though  not 
day,  the  bed  of  this  ancient  channel  was  then  much  lower 
that  of  the  "  Mohawk  outlet,"  and  so  soon  as  the  glacier 
1  its  retreat  uncovered  this  northern  channel,  the  waters  of 
pper  lakes  discharged  through  it  past  the  site  of  Ottawa 
Qto  an  arm  of  the  sea  which  then  occupied  the  lower  8t, 
mce  valley  and  has  been  called  the  Champlain  Gulf  or  Sea 
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(Fig.  365).    The  level  of  the  waters  was  lowered  and  tbearMH 
of  the  lakes  correspondingly  reduced.  ^M 

The  reader  who  has  had  no  opportunity  to  obaerve  these  a^H 
cient  channels  which  carried  the  swollen  waters  of  the  fom^H 
glacier  lakes,  will  find  it  interesting  to  consider  that  every  one  ^M 
them  has  been  fixed  upon  by  engineers  for  improvement  as  ar^f 
fieial  waterways.  Thus  we  have  the  Illinois  Drainage  Caa^| 
and  projected  ship  canal  along  the  "  Chicago  outlet,"  the  pdH 
jected  Mississippi-Lake  Erie  Canal  along  the  "  Fort  WajTie  oidH 
let,"  the  Grand  River  canal  project  to  connect  Lake  Michigan  ai^l 
Saginaw  Bay  along  the  course  of  the  "  Grand  River  outlet,"  ti^| 
Trent  Canal  along  the  "Trent  outlet,"  the  Erie  Canal  along  Ul^| 
"  Mohawk  outlet,"  and,  lastly,  the  proposed  Georgian  Bay  di^| 
canal  to  the  ocean  along  the  "  North  Bay"  or  "  Nipiasing  outld^| 

Summary  of  lake  stages.  —  We  have  omitted  in  this  su^H 
mary  of  late  lake  history  in  the  Laurentian  basin  all  the  1^^ 
important  lake  stages,  including  some  of  a  transitional  nature  ' 
which  were  represented  by  beaches  and  outlets  easily  traced  by 
day.  This  is  because  it  is  an  outline  only  which  it  seems  best  i^J 
present,  and  the  episodes  of  this  abridged  history  may  betabl^ 
lated  as  follows :  V 

EPISODES    OF    GLACIAL    LAKE    HISTOST  fl 

MiBsiBBippi  Drainaqb  ^H 

Lake  Maumee  (early),  Fort  Wayne  outlet.  ^| 

Lake  Maumee  (late),  Inilay  City  outlet.  ^M 

Lake  Arkona,  "thumb"  outlet.  H 

Lake  Whittle§ey  (with  readvanee  of  glacier),  Ubly  onUet.  H 

Lake  Warren,  "thumb"  outlet-  ' 

Atlantic  Drum  age 

Lakes  IroquoiBand  Algonquin  (early),  Trent  and  Mohawk oullat^l 
Lakes  Iroquois  and  Algonquin  (late).  Port  Huron  and  Mohai^H 

Nipissing  Great  Lakes,  North  Boy  outlet.  ^ 

Permanent  changes  of  drainage  affected  by  the  glacier.  —  While 
the  lake  history  which  we  have  sketched  is  made  up  of  episodes 
which  endured  only  while  the  ice  front  lay  between  certain  sta- 
tions upon  its  retreat,  there  were  none  the  less  brought  about  the 
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undest  of  permanent  modifications  in  ttie  drainage  of  the 
It  is  possible  to  restore  upon  maps  in  part  only  the  pre- 
il  drunage  of  the  north  central  states,  but  we  know  at  least 
it  waa  as  different  as  may  be  from  that  which  we  find  to~day. 
Missouri  and  the  Ohio  take  their  courses  to-day  along  the 
^  of  the  glaciated  area  as  an  inhentance  from  the  border 
Utge  of  the  ice  age.  Within  the  glaciated  re^ons  rivers 
I  in  many  cases  been  compelled  by  morainal  obstructions  to 
t  upon  new  courses,  or  even  to  travel 
ke  opposite  direction  along  their 
jer  channels.  In  districts  of  con- 
"sble  relief  these  diversions  have 
itimee  caused  the  streams  to  plunge 

the  walls  of  deep  valleys,  and  it 

truthfully  be   said  that  we   owe 
h  of  our  most  beautiful  scenery  in 

to  the  carving  and  molding  of 
ers,  but  especially  to  the  cascades 
waterfalls  directly  due  to  their  in- 
rence  with  drainage, 
any  diversions  or  reversals  of  former 
rnge  lines,  through  the  influence  of 
continental  glacier,  are  at  once  sug- 
k1  by  the  abnormal  stream  courses, 
h  appear  upon  our  maps,  and  the 
Hrtness  of  these  suggestions  may 
I  be  confirmed  by  very  simple  ob- 
itions  made  upon  the  ground. 
map  of  Fig.  366  shows  how  differ- 
waa  the  preglacial  drainage  of  the  upper  Ohio  region  from 

of  to-day. 

n  interesting  additional  example  is  furnished  by  the  Still 
iT  which  in  Connecticut  is  tributary  to  the  Farmington,  and 
)  less  remarkable  for  its  abnormal  northerly  course  and  sluggish 
ent  perpetrated  in  it--)  name,  than  for  the  way  in  which  it  is  joined 
le  Farmington  system  (Fig.  367  A).  A  careful  study  of  the 
ict  has  shown  that  the  Still  River  was  once  a  part  of  the 
gatuck  and  flowed  southward  toward  Long  Island  Sound  like 
r  riveiB  of  the  district  (Fig.  367  B).    It  possessed,  however, 


Fio.  366.  —  Proluible  preBlnriiJ 
drmoogo  nf  the  upper  OLio 
regioD  (after  Chambcrlui  and 
Leverett), 
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an  advantage  in  a  narrow  belt  of  softer  rock  along  its  course,  and 
because  of  this  advantage  it  captured  a  portion  of  one  of  the  tribu- 
taries to  the  Farmington  (Fig.  367  C).  The  continental  glacier 
later  covered  the  region,  and  on  its  retreat  laid  down  morainal 
obstructions  directly  across  this  river  and  also  at  the  head  of  the 
severed  arm  of  the  Farmington  tributary  (Fig.  367  D).  The  now 
impounded  waters  found  their  lowest  outlet  near  Sandy  Brook, 
and  in  waterfalls  and  cascades  the  now  reversed  river  falls  one 


Fig.  367.  —  Diagrams  to  illustrate  the  episodes  in  the  recent  histoiy  of  the  Still 
River  tributary  to  the  Farmington  in  Connecticut.  A, present  drainage;  B.eaily 
stage ;  C,  after  capture  of  a  tributary  to  the  Farmington ;  D,  after  blocking  by 

morainal  obstructions  of  the  ice  age. 


hundred  feet  to  the  bed  of  that  stream.  With  the  aid  of  the 
excellent  topographic  maps  which  are  now  supplied  by  a  generous 
government  at  a  merely  nominal  price,  such  bits  of  recent  history 
may  be  read  at  many  places  within  the  glaciated  region. 

Glacial  Lake  O  jib  way  in  the  Hudson  Bay  drainage  basin.— 
When  by  passing  over  the  "  height  of  land  "  in  northern  Onta- 
rio the  greatly  reduced  continental  glacier  had  vacated  the  basin 
of  St.  Lawrence  drainage,  it  was  in  a  position  to  impound  those 
waters  which  normally  drained  to  Hudson  Bay.  The  lake  which 
then  came  into  existence  has  been  called  Lake  Ojibway  and  was  the 
latest  of  the  entire  series.  Though  of  but  recent  discovery  in 
a  country  till  lately  a  trackless  wilderness,  its  extension  seems  to 
have  been  that  of  the  clay  beds  suited  for  farming.  The  beaches 
and  outlets  remain  to  be  mapped  when  the  country  has  been 
made  more  easily  accessible. 


GLACIAL  LAKES  339 

Rbaoing  References  fob  Chapter  XXIII 

PtosJlel  roads  of  Glen  Roy :  — 

BARLEB  Darwin.  Observations  on  the  Parallel  Roads  of  Glen  Roy 
and  of  Other  Parts  of  Lochaber  in  Scotland,  with  an  attempt  to  prove 
that  they  are  of  Marine  Origin,  Phil.  Trans.,  vol.  8,  1839,  pp.  39-82. 

ouis  Agassiz.     Geological  Sketches,  Boston,  1876,  vol.  2,  pp.  32-76. 

\  T.  Jaiiieson.  On  the  Parallel  Roads  of  Glen  Roy  and  their  Place  in 
the  History  of  the  Glacial  Period,  Quart.  Jour.  Geol.  Soc.  Lond., 
vol.  19.  1863.  pp.  235-259. 

Glacial  Lake  Agassiz :  — 

ARREN  IJPHAM.     The  Glacial  Lake  Agassiz.  Mon.  25,  U.  S.  Geol.  Surv., 

pp.  658,  pis.  38. 
W.  Sardeson.     Beginning  and  Recession   of   St.   Anthony's   Falls, 
Bull.  Geol.  Soc.  Am.,  vol.  19,  1908,  pp.  29-36. 

Glacial  lakes  in  the  St.  Lawrence  valley :  — 

XAMBERLiN  and  Salisbury.     Geology,  vol.  3,  pp.  394-405. 

lANK  Leverett.  Outline  of  the  History  of  the  Great  Lakes  (Presi- 
dential Address),  12th  Rept.  Mich.  Acad.  Sci.,  1910,  pp.  19-42.  The 
Pleistocene  Features  and  Deposits  of  the  Chicago  Area.  Chicago, 
1897,  pp.  86,  pis.  8  (Chicago  Outlet). 

.  L.  Fairchild.  Glacial  Lakes  in  Western  New  York,  Bull.  Geol.  Soc. 
Am.,  vol.  6,  1895,  pp.  353-374,  pis.  18-23 ;  Glacial  Waters  in  Central 
New  York.  Bull.  127,  N.  Y.  State  Mus.,  1909,  pp.  66,  pis.  42,  and 
maps  in  cover. 

Early  lakes  in  the  Erie  basin :  — 

tANK  Leverett.  On  the  Correlation  of  Moraines  with  Raised  Beaches 
of  Lake  Erie,  Am.  Jour.  Sci.  (3),  vol.  43,  1892,  pp.  281-301. 

B.  Taylor.  The  Great  Ice  Dams  of  Lakes  Maumee,  Whittlesey,  and 
Warren,  Am.  Geol.,  vol.  24,  1899,  pp.  6-38,  pis.  2-3 ;  Relation  of 
Lake  Whittlesey  to  the  Arkona  Beaches,  7th  Rept.  Mich.  Acad.  Sci., 
1905,  pp.  30-36. 

LANK  Leverett.  The  Ann  Arbor  Folio,  Folio  No.  155,  U.  S.  Geol.  Surv., 
1908,  pp.  10-12. 


CHAPTER  XXIV 

THE   UPTILT  OF  THE   LAND  AT  THB   CLOSE  OF  THB 

ICE  AGE 

The  response  of  the  earth's  shell  to  its  ice  mantle.  —  Tlere 
is  now  good  reason  to  believe  that  the  earth's  outer  shell  makes 
a  response  by  oscillations  of  level  due  to  the  loading  by  ice,  on  the 
one  hand,  and  to  the  removal  of  this  burden  upon  the  other.    We 
knoW;  at  least,  that  both  in  northern  Europe  and  in  North  America 
areas  which  have  undergone  depression  during  and  elevation  after 
the  ice  age,  correspond  closely  to  the  regions  which  were  ice  cov- 
ered.   Wherever  in  these  regions  there  was  high  relief  before  the 
advent  of  the  ice,  river  valleys  were  drowned  at  the  land  marpa 
and  were  also  gouged  out  into  troughs  through  erosion  by  the 
outlet  tongues  upon  the  mar^n  of  the  ice  sheet.    Such  furrowed 
and  half-submerged  valleys  have  a  characteristic  Unshaped  sec- 
tion, so  that  their  walls  rise  precipitously  from  the  sea.    From 
their  typical  occurrence  in  Scandinavian  countries  the  name  jjord 
has  been  applied  to  them. 

It  is  now  no  less  clear  that  the  removal  of  the  ice  blanket  brought 
from  the  earth  a  relatively  quick  response  in  uplift,  which  began 
before  the  ice  front  had  retired  across  the  present  international 
boundary  of  the  United  States,  and  that  this  uplift  continued 
until  the  final  disappearance  of  the  ice.  A  far  slower  elevation  of 
a  somewhat  different  nature  has  continued,  even  to  the  present 
day. 

It  is  obvious  that  at  the  time  of  their  formation  all  shore  lines 
referable  to  the  work  of  waves  must  have  been  horizontal,  and 
hence  any  variations  from  a  perfect  level  which  they  reveal  to-day 
must  indicate  that  a  tilting  movement  of  the  ground  has  occurred 
since  the  waters  departed  from  their  basins.  We  have  thus 
provided  for  us  in  the  positions  of  these  ancient  water  planes, 
particularly  because  of  their  wide  extent,  a  complete  record  the 
refinement  of  which  is  not  easily  overstated.    Interpreting  thb 

340 


UPTILT  OF  LAND  AT  CLOSE  OF  ICE  AGE 


341 


■ecord,  we  6nd  that  it  was  the  uptilt  of  the  land  to  the  northward 
irbich  brought  the  glacial  lake  history  to  an  end  and  inaugurated 
Jie  present  system  of  St.  Lawrence  draiaage.  The  outlet  of  the 
Nipissing  Great  Lakes  is  to-day  more  than  a  hundred  feet  above 
the  level  of  the  outlet  at  Port  Huron,  where  the  upper  lakes  are 
now  discharging  their  waters,  and  this  difference  in  level  can 
only  be  ascribed  to  an  upward  tilting  of  the  land  since  the  latest 
of  the  glacial  lake  stages. 

The  abandoned  strands  ub  they  appear  to-day.  —  The  traveler 
|jy  steamer  upon  the  upper  lakes,  as  he  cornea  within  view  of 
iach  rocky  headland,  may  note 
iaw  the  profile  against  the  ho- 
icon  is  notched  by  a  series  of 
Iteps  or  terraces  (Fig,  368), 
Uid  if  he  has  followed  the  dis- 
nission  in  previous  chapters, 
lie  will  suspect  that  these  ter-  Fio,  368. —  The  notched  melt  heodlnnd 
races  mark  the  now  abandoned  f  f^y'^.  ^1"^  between  Green  a^  «xd 
,  ,.  .  ■   .     1  Lake  Michigan  (utter  GQldthwait}, 

iBOre  Imes  which  have  come 

|o  their  present  position  through  a  series  of  uplifts  of  the  groimd 
kcoompanied  by  earthquake  shocks.  As  his  steamer  skirts  the 
shore  he  may  chance  to  note  a  cave  within  the  rock  cliff  which 
represents  the  now  elevated  sea-arch  of  an  ancient  shore. 

Disembarking  from  the  steamer  and  traveling  inland  at  any 
point  where  the  shores  are -high,  the  traveler  is  certain  to  come 
Upon  etill  more  convincing  proofs  of  the  ancient  strands;  perhaps 
b  a  storm  beach  of  the  unmistakable  "  shingle,"  half  buried  though 
it  may  be  under  dunes  of  newly  drifted  sand,  or  possibly  at  higher 
levels  the  highway  has  been  cut  through  a  shingle  barrier  as 
fresh  and  unmistakable  as  though  formed  upon  the  present  shore. 
Sometimes  it  is  the  rock  cliff  and  terrace,  at  other  times  barrier 
ridges  of  shingle,  or,  again,  it  is  the  sloping  cliff  and  terrace  cut 
n  the  drift  deposits;  but  of  whatever  sort,  if  studied  with  proper 
■egard  to  the  topography  of  the  district,  the  evidence  is  clear 
Uid  unmistakable. 

The  records  of  uplift  about  Mackinac  Island. —  Nowhere  are 
records  of  the  recent  uplift  of  the  lake  region  more  easily  read 
n  alMut  Mackinac  Island  in  the  straits  connecting  Lake  Michi- 
with  Lake  Huron.     Approaching  the  island  by  steamer  from 
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St.  Ignace,  its  profile  upon  the  borison  is  worthy  of  remark  (Fit 
369).  From  a  central  crest  broken  by  tmuor  irregularities  and 
bounded  on  all  sides  by  a  cliff,  the  island  profile  slopes  gently 
away  to  a  still  lower  cliff,  below  which  b  another  terrace. 


FlQ.  3U9.  —  View  of  Mackinac  Wand  from  the  diractioQ  of  St.  Ignace.  Tlit  b- 
rcgul^  centra]  portion  is  the  only  part  of  the  iBland  that  was  not  nibmcigcd  n 
Lake  Algonquin.  The  terrace  at  its  base  is  the  old  shore  line  of  Lake  Mtat- 
quin,  and  the  lower  terrace  the  strand  of  Lake  Nipisang  (after  a  photognpti  t^ 
Taylor). 

When  we  have  reached  the  island  and  have  climbed  to  tbe 
summit,  we  there  find  the  surface  which  is  characteristic  of  erosion 
by  running  water,  whereas  at  lower  levels  are  found  the  tonns 
carved  or  molded  by  the  action  of  waves.  This  central  "  island," 
superimposed  upon  the  larger  island,  is  all  that  rose  atjove  Lake 
Algonquin,  the  earliest  of  the  glacial  lakes  in  this  northern  dis- 
trict ;  and  as  we  look  out  from  the  observatory  upon  the  summit, 
it  b  easy  to  call  up  a  picture  of 
the  country  when  the  lake  stood 
at  the  base  of  this  highest  ciiff. 
To  the  northward  one  sees  tlie 
"  Sugar  Loaf  "  rise  out  of  a  sei 
of  foliage,  as  it  formerly  did 
from  the  waters  of  Lake  Algon- 
quin (Fig.  370).  It  is  a  huge 
stack  near  the  former  island 
shore.  If  we  turn  now  to  Ihe 
southward  and  direct  our  gaze 
toward  the  Fort,  we  encountw 
a  Vfritiiblc  succession  of  beach  ridges  formed  of  shingle  and  ranged 
like  a  series  of  waves  within  the  cleared  space  of  the  "  Short 
Target  Range  "  (Fig.  371).     These  ridges  mark  each  a  stagewitlua 


it  U  wvn  fnmi  thi^ 

Muokinur   Island    ( 

lUir   a  photogroiih 

by  Taylor). 
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1  8^ea  of  successive  uplifts  which  have  brought  the  island  to 
ta  present  height. 


Q.  371.  —  View  from  the  observatoi?  upon  Mackinac  lalatid  across  the  "Sbort 
Target  ItAnge"  toward  the  Fort.  Beach  ridgea  appear  in  BUCcesEiOD  within  tha 
dioared  apace  (after  a  photi)graph  by  Roamter). 


Fra.  372.  — Notched  stack  of  the  Nipisung  Great  Lakea  at  St.  Ignace 
((Jt«r  a  photosraph  by  Taylor). 
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If  now  we  descend  from  our  position  and  visit  the  "  battle* 
field/'  we  find  there  a  great  ridge  of  level  crest,  behind  which 
the  British  force  was  stationed  in  its  defense  of  the  island  in 
1812.  Near  by  in  the  woods  is  Pulpit  Rock,  a  strikingly  perfect 
stack  of  the  Nipissing  Lake.    Across  the  straits  at  St.  Ignace  is  an 

even  finer  example  of  the  notched 
stack  (Fig.  372).  Other  less  prom- 
inent beaches,  but  all  later  than  the 
Nipissing  Lakes,  intervene  between 
this  level  and  the  present  shore  to 
mark  the  stages  in  the  continued  up- 
lift of  the  land. 

The  present  inclinations  of  the  up- 
lifted strands.  —  It  is  not  enough  that 
we  should  have  recognized  the  marb 
of  former  shores  now  at  considerable 
elevations  above  the  existing  lakes; 
if  we  are  to  know  the  nature  of  the 
uplift,  we  must  prepare  accurate  maps 
based  upon  measurements  by  precise 
leveling  at  many  localities.  Such 
methods  are,  however,  of  compara- 
tively recent  application  in  this  field ; 
and,  as  in  the  investigation  of  so  many 
other  problems,  the  earlier  obsen'a- 
tions  were  largely  of  the  nature  of 
reconnaissances  with  the  elevation  of 
beaches  estimated  by  comparatively 
crude  methods  only.  The  evolution 
of  ideas  concerning  the  uptilt  has, 
therefore,  been  a  gradual  one. 

It  was  early  observed  that  the 
beaches  corresponding  to  a  given  lake 
stage  were  higher  to  the  northward 
and  northeastward,  and  the  natural 
conclusion  from  this  was  that  the 
earth's  crust  had  here  been  canted 
like  a  trap  door  (Fig.  373,  A).  As  we  are  to  see,  this  but  half- 
correct  assumption  has  led  to  a  striking  prophecy  relating  to  future 


Fig.  373. — Serioa  of  diagrams  to 
illustrate  the  evolution  of  ideas 
concerning  the  uplift  of  the  lake 
region  since  the  ice  age.  A^ 
simple  northerly  up-canting 
(Gilbert) ;  B,  northerly  acceler- 
ation of  th(!  up-canting  (Spen- 
cer and  Upham) ;  C,  northerly 
"feathering  out"  of  beaches 
(Spencer  and  Upham) ;  D,  hinge 
line  of  up-canting  found  within 
the  lake  region  (Leverett) ;  E, 
multiple  and  northwardly  mi- 
grating hinge  lines  of  up-canting 
(Hobbs). 
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es  withia  the  lake  region  which  we  now  know  to  be  with- 
arrant  in  the  facts.     Later  it  was  leartied  that  the  uptilt 

lake  beaches  is  much  accelerated  to  the  northward  (Fig, 
{),  and  that  new  beaches  make  their  appearance  from  be- 

others  as 


Fia.  374.  —  Map  of  the  Great  LakoB  rogioo  to  show  iao- 
bases  and  hinge  liaca  of  upCilt.  a.  isobase  of  the  Chitago 
outlet;  b,  main  hinge  lioe  of  the  Lake  WhittlcBpy  beach 
(Lcverett) :  b'.  hinKB  lino  of  the  Lake  Warren  beach  (Tay- 
lor) ;  e.  isobase  of  the  Port  Huron  outlet :  d.  main  hinge 
line  of  highest  Algonquin  beach  (Goldthwait) ;  e,  /,  e,  A, 
additianal  Iudbb  lines  of  Algonquin  beaches  ■□  Door  County 
peniiuula  [Hubbs)  ;  [,  iaobase  of  the  Lake  Superior  outJct 
(or  the  Algonquin  beaches  (lcverett) ;  m,  isobsae  ot  the 
saine  outlet  for  the  Nipissing  beaches  (Levcrett). 


Uptilt. 
later  in 
udy  of  the 
,  it  was 
d  that  the 
)P  fulcrum 
which  the 

has  been 
fd,  instead 
og  to  the 
rard  of  the 
listrict,  as 
been    as- 

by  Gilbert,  lay  within  the  region  and  about  halfway  up 
win  of  Lake  Michigan  (Fig.  373,  Z>,  and  Fig.  374).  Simi- 
in  the  uptilt  which  followed  the  ice  retreat  in  northern 
e  a  definite  hinge  line  of  movement  has  been  discovered. 
;Iy,  it  has  been  shown,  as  a  result  of  the  use  of  precise  level- 
ethods.  that  not  one  but  several  hinge  lines  of  movement 
;hin  the  region,  and  that  the  separate  sections  into  which 
Uvide  the  area  are  each  in  turn  characterized  by  increased 
it  aa  we  proceed  to  the  northward  (Fig.  373,  E  and  Fig.  374). 

beaches  of  Lake  Maimiee,  the  earliest  of  the  series  of  lakes 

the  Huron-Erie  lobe  and  within  the  extreme  southern 
0  of  the  Great  Lakes  area,  show  only  the  slightest  possible 
fly  uptilt,  and  the  well-marked  hinge  line  disclosed  in  the 
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Whittlesey  beach  is  evidence  that  the  elastic  recoil,  as  it  wei 
from  the  weight  of  the  mantling  glacier  did  not  begin  until  aft 
the  draining  of  Lake  Whittlesey.  The  determination  by  Tayl 
that  there  is  a  similar  initial  hinge  line  in  the  Warren  beach 
that  this  strand  begins  its  uptilt  some  fifteen  miles  farther  nort 
east  than  does  the  Whittlesey  beach  —  is  one  of  the  greatest  ii 
portance  in  obtaining  a  correct  idea  of  the  recent  uplift;  for 


a&m? 


\liMC 


Fig.  375.  —  Series  of  idealistic  diagrams  to  indicate  the  nature  of  the  quick  recov 
of  the  crust  by  uplift  in  blocks  unloaded  of  the  ice  in  succession.  A  further  i 
sio\v(?r  uptilt,  addend  after  the  completion  of  the  first  movement,  is  brought  ou 
the  last  diagram  (6'). 

shows  that  the  draining  of  Lake  Whittlesey  was  followed 
a  period  of  quick  uplift  and  seismic  activity,  that  the  stags 
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ike  Warren  was  one  of  comparative  stability  of  the  land, 
id,  lastly,  that  the  draining  of  Lake  Warren  waa  followed  by  a 
eond  period  of  rapid  uplift  and  earthquake  disturbance. 
le  strongly  marked  hinge  lines,  additional  to  the  initial  one 
idicated  for  the  Algonquin  beaches  in  the  profiles  by  Gold- 
iwait  from  the  west  shore  of  Lake  Michigan,  when  considered  in 
be  light  of  this  northeasterly  migration  of  the  still  earlier  hinge 
le  in  the  southern  district,  are  best  explained  through  the  aa- 
amption  of  a  succession  of  quick  recoveries  of  the  crust  by  up- 
tft,  separated  by  periods  of  relative  stability,  and  brought  on  by 
he  removal  in  turn  of  the  ice  burden  from  successive  blocks  of 
ihe  shell  which  are  separated  by  the  several  hinge  lines  (Fig.  375). 
The  elaborate  study  of  erosion  in  the  outlet  of  Lake  Agassiz 
Ud  indicated  identical  interniptions  in  the  up-canting  process 
rthat  basio. 

Future  consequences  of  the  continued  uptilt  within  the  lake 
Mgion.  —  One  of  the  most  distinguished  of  American  geologists, 
Dr.G.  K.  Gilbert,  in  order  to  determine  whether  the  uptilt  revealed 
by  canted  beach  lines  is  still  in  progress,  carried  out  an  elaborate 
rtudy  upon  the  gauge  records  preser\'ed  at  the  various  gauging 
itions  about  the  Great  Lakes.  Upon  the  basis  of  these  stiidies, 
concluded  that  the  -uplift  continues,  that  the  axes  of  equal 
l^ilift  (isobases)  take  their  course  alxiut  fifteen  degrees  north  of 
*wt,  80  that  the  lines  of  greatest  uptilt  should  be  perpendicular  to 
lisdirection,  or  fifteen  degrees  e^st  of  north.  He  further  believed 
lat  the  basin  was  undergoing  an  up-cant  in  the  simple  manner  of 
trap  door,  the  hinge  of  which  lay  to  the  southward  of  Chicago, 
lad  the  study  of  the  gauge  records  led  him  to  believe  that  "  the 
Bteof  change  is  such  that  the  twoendsota  line  one  hundred  miles 
3ng  and  l>Tng  in  a  south-aouthwest  direction  are  relatively  dis- 
iWed  four  tenths  of  a  foot  in  one  hundred  years." 

Gilbert's  prophecy  of  a  future  outlet  of  the  Great  Lakes  to 
4e  Mississippi.  —  The  natural  rock  sill,  over  which  the  waters 
*1  Lake  Chicago  once  flowed  to  the  Mississippi,  is  to-day  but 
ight  feet  above  the  common  mean  level  of  Lakes  Michigan  and 
luron,  and  if  the  tilting  of  the  lake  region  were  to  continue  upon 
rilbert's  assumption  of  a  canting  plane  with  the  hinge  of  the 
wvenient  to  the  south  of  Chicago,  a  time  must  come  when  the 
Chicago  outlet"  will  again  come  into  use  and  the  lakes  once 
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more  drain  to  the  Mississippi  and  the  Gulf.  Upon  the  basis  d 
his  measurements,  Gilbert  ventured  the  prophecy  that  the  first 
high-water  discharge  into  the  Mississippi  should  occur  in  ttwo 
five  hundred  to  six  hundred  years,  and  for  continuous  discbajge 
in  fifteen  hundred  years.  In  twenty-five  hundred  years  Niagara 
Falls  should  at  low  water  stages  be  dry  from  this  cause,  and  in 
tbirty-five  hundred  years  it  should  have  become  extinct. 

This  prophecy,  emanating  from  a  high  scientific  authority  aod 
relating  to  changes  of  such  profound  economic  and  commercial 
importance,  baa  been  often  quoted  and  has  taken  a  firm  bold  upon 
the  popular  imagination.  Obviously,  it  depends  upon  the  now 
exploded  theory  that  the  lake  basin  has  been  canted  as  a  p/aw 
and  that  the  axis  of  uptilt  lies  somewhere  to  the  southward  of 
the  lake  region,  or,  in  any  event,  to  the  southward  of  the  present 
Port  Huron  outlet.  We  know  to-day  that  instead  of  l)eing  uni- 
formly distributed  over  the  entire  lake  region,  the  uptilting  gpes 
on  at  a  much  higher  rate  within  the  northern  areas,  and  that 
since  the  early  stage  of  Lake  Whittlesey  the  hinge  line  of  uplift 
has  been  steadily  migrating  northward  with  the  retreat  ot  tbe 
ice  and  is  now  well  to  the  northward  of  the  present  outlet.  Thvn 
is,  therefore,  no  known  uptilt  of  the  district  which  separate* 
the  present  from  the  former  Chicago  outlet,  and  there  is  do  ap- 
parent natural  cause  which  should  result  in  the  reoccupation  of 
the  old  outlet  to  the  Mississippi.  The  prophecy  must  l>e  regimW 
as  one  that  has  beeu  outgrown  with  the  progress  of  science. 

Geological  evidences  of  continued  uplift.  —  It  has  recently 
been  claimed,  on  the  basis  of  a  reexamination  of  Gilbert's  study 
of  the  lake  gauge  records,  that  his  methods  are  open  lo  scrioo* 
criticism  and  that  in  reality  the  figures  afford  no  evidence  of  con- 
tiuued  uplift  of  the  region.  However  this  may  be,  there  are  nol 
lacking  geological  evidences  which  do  not  admit  of  doubt,  nod 
these  are  in  a  striking  way  confirmatory  of  the  latest  conclusioiu 
upon  the  manner  of  the  recent  uplift. 

If  our  conclusions  have  been  correct,  the  several  lake  Kiatia 
should  now  be  behaving  in  different  ways  as  regards  the  chawEf* 
upon  their  shores.  If  it  is  true  that  the  lines  of  greatest  optiii 
run  north-northeasterly,  there  should  Iw,  speaking  broadly,  a 
"  spilling  over"  of  waters  upon  the  south-southwesterly  shotw 
^nd  a  laying  bare  of  the  north-northeasterly  shore  terraces  of  tf» 
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basins.     This  should,   however,   be  true   oaly  of  basins   whosa^ 
outlets  are  to  the  northeastward  of  the  existing  main  binge  Hoe 
of  uptilt.     Lake  Huron,  having  its  outlet  at  the  southern  margin 
of  its  basin,  should  not  have  its  waters  encroaching  upon  the 
Bouthem  shore,  for  the  simple  reason  that  any  continued  uptilt 
of  the  basin  can  only  have  the  effect  of  pouring  more  water  through 
the  outlet.     Lake  Michigan  and  Saginaw  Bay,  which  are  arms  of 
the  Huron  basin,  ought,  however,  to  become  flooded  upon  their 
southern  shores,  m>CT6  il  nol  that  the  hinge  line  of  uplilt  lo-day  lit 
to  the  northward  of  the  outlet  at  Port  Huron,  and,  further,  that  i 
tico  connecting    channels  still  have  their  beds  lower  than  the  sill 
tte  outlet  channel.     Now  the  evidence  goes  to  show  that  no  en- 
croachment of  waters  is  occurring  upon  the  Chicago  shore  of  Lake! 
Michigan,  and  although  the  shores  of  Saginaw  Bay  are 
sively  flat  aa  to  reveal  slight  changes  of  level  by  large  migratiooB 
of  the  strand,  yet  the  ancient  meander  posts  fixed  by  the  early 
surveys  are  still  found  near  the  water's  edge. 

Drowning  of  southwestern  shores  of  Lakes  Superior  and  Erie.  — 
Within  the  basins  occupied  by  Lakes  Superior  and  Erie,  a  wholly 
different  condition  is  found.  In  each  case  the  outlet  is  found 
to  the  northeastward  (Fig.  374,  p.  345),  and  the  northwesterly  trend 
of  the  isobases  from  these  outlets  is  responsible  for  a  continued 
elevation  from  uptilt  of  the  outlets  with  reference  to  the  western 
and  southern  shores.  In  consequence,  the  waters  are  encroach- 
ing upon  these  shores,  and  rivers  which  there  enter  the  lake  are 
drowned  at  their  mouths,  with  the  formation  of  estuaries.  Upon 
Lake  Superior  these  changes  are  very  marked  near  Duluth  and  par- 
ticularly in  the  St,  Louis  River,  within  which,  since  the  early  treaty 
with  the  Indiana,  certain  rapids  have  disappeared  and  submerged 
trunks  of  trees  arc  now  found  in  the  channel  of  the  river.  Aj 
far  east  as  Ontonagon  essentially  the  same  conditions  are  found, 

Upon  the  shores  within  the  Porcupine  Mountain  district,  the 
waters  are  clearly  rising.  Here  old  cedar  trees  may  be  seen,  in 
Bome  cases  dead  but  still  upright  and  standing  in  from  six  to  eight 
inches  of  water  a  number  of  feet  out  from  the  present  shore, 
while  others  near  the  shore,  but  upon  the  land  and  still  living,  are 
washed  by  the  waves,  and  losing  their  lower  bark  in  consequence. 
An  old  road  along  the  shore  has  had  to  be  abandoned  because  of 
the  encroaching  water. 
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Upon  the  opposite  or  northeastern  shore  of  the  lake,  on  the 
other  band,  the  land  is  everywhere  rising  out  of  the  water,  and 
the  waves  are  now  building  storm  beaches  well  out  upon  the  wave- 
cut  terrace.  Here  the  streams,  instead  of  forming  estuaries  liy 
drowning,  drop  dovni 
in  rapids  to  the  level 
of  the  lake. 

At  the  southwest- 
ern D3&r^  of  Uie 
Erie  there  is  cverj'- 
where  evidence  of  \ 
rapid  encroachment 
by  the  water.  In  the 
caves  of  South  Baa 
Island  stalactite), 
which  must  obviously 
have  formed  above 
the  lake  level,  we 
now  permanently  sub- 
merged. It  is,  however,  about  Sandusky  Bay  upon  the  south- 
west shore  that  the  most  striking  observations  have  been  made. 
Moseley  has  collected  historical  records  of  the  killing  of  fwwt 
trees  through  a  submergence  which  was  the  result  of  an  advance 
of  the  water  upon  the  shores.  It  seems  to  be  proven  from  his 
studies  that  the  water  is  now  rising  in  Sandusky  Bay  at  a  ral«  of 
about  2.14  feet  per  century.  In  Fig.  376  there  is  a  comparison 
of  the  shores  of  the  inner  bay  separated  by  an  internal  of  about 
ninety  years. 


Fla.  376.  —  Portion  of  the  Idiilt  Sandusky  Bay.  to 
aflord  n  companaoD  of  the  ahore  liuc  of  IS20  with 
that  of  to-day  (after  Moaeley). 
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CHAPTER  XXV 

HIAGARA  FALLS  A  CLOCK  OF  RECENT  GEOLOGICAL 
TIME 

Features  in  and  about  the  Niagara  gorge,  —  A  striking  n- 
ample  of  those  permanent  alterations  of  drainage  which  Imse 
resulted  from  the  presence  of  the  late  continental  glacier  in  Nortb 
America  is  to  be  found  in  the  Niagara  gorge  between  Lakes  Erie 
and  Ontario.  With  the  aid  of  borings  many  of  the  now  buriwl 
channels  of  the  region  have  been  followed  out,  and  iu  a  lat*r  para- 
graph we  shall  refer  to  some  of  the  stronger  lines  of  the  edrlier 
drainage  system.  Before  undertaking  the  study  of  Niagara  his- 
tory, it  is  essential  that  one  Ijcconie  somewhat  famiiiar  willi  the 
present  topography  in  and  about  the  Niagara  gorge. 

Below  the  present  cataract  the  river  flows  through  a  deep  gorp 
for  about  seven  miles  before  issuing  at  the  Lewiston  Escarpment 
(Fig.  381,  p.  355).  This  gorge  has  been  cut  in  beds  of  rock  sedi- 
ments which  dip  at  a  gentle  angle  southward  toward  Lake  Erie. 
The  capping  of  the  rock  series  is  a  compact  and  relatively  resist- 
ant limestone  which  is  known  as  the  Niagara  limestone,  beneath 
which  there  are  alternating  beds  of  shale  with  thinner  limeatooe 
and  sandstone.  The  plain  formed  by  the  upper  surface  of  th» 
limestone  capping  terminates  in  the  lewiston  Escarpment,  which 
is  transverse  to  the  direction  of  the  gorge  and  seven  miles  distant 
below  the  Falls.  The  depth  of  the  gorge  varies  markedly,  the 
above-water  portion  being  represented  at  the  upper  end  by  the 
height  of  the  cataract,  one  hundred  and  8ixty-6ve  feet,  while  nt 
its  lower  end  near  Ijcwiston  it  is  twice  that  amount.  Halfway 
down  the  gorge  a  sharp  turn  is  made  at  an  angle  of  more  than 
ninety  rlegrees,  and  the  upntream  arm  is  extended  to  form  a 
basin  which  contains  the  famous  whirlpool.     This  visible  exten- 

i  of  the  upper  gorge  is  continue<i  in  a  buried  channel,  the  St. 
Davids  Gorge,  which  extends  to  the  escarpment,  broaderung  a* 
^  does  so  in  the  form  of  a  trumpet.     The  materials  which  fill 

)  earlier  channel  are  notably  coarse  glacial  deposits  (Fig.-  3S9). 
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Directly  above  the  whirlpool  the  Niagara  gorge  is  first  con-i 
iracted,  but  almost  immediately  swells  out  into  the  form  of  a 
lausage,  which  under  the  name  of  the  Eddy  Basin  extends  to  the 
Constricted  channel  occupied  by  the  Whirlpool  Rapids.  This  Gorge 
f  the  Whirlpool  Rapids  extends  to  and  a  little  above  the  railroad 
iridges,  where  it  again  suddenly  widens  and  deepens  and  with 
mrprisingly  uniform  cross  section  now  continues  as  far  as  the  oat- 
:act.  This  uppermost  section  is  known  as  the  Upper  Great 
Gorge,     About  a  mile  below  the  whirl-  . 

poo!  is  that  remarkable  projection  into  11 

the  gorge  from  the  Canadian  wall  n'fiich 
known  as  Wintergreen  Flats,  below 
which  and  nearer  the  river  are  Fosters 
Flats.  Almost  throughout  its  entire  Ceurar 
length  the  Niagara  gorge  is  bordered 
III  either  side  by  a  narrow  and  gently 
incurving  terrace  eroded  below  the  gen-  Fra.  377.  — Ideal  croas  Bection 
eral  level  of  the  plain  and  meeting  the  "'  ^^e  Niasara  gorge  to  «how 
gorge  m  a  sharp  angle  (Fig.  377) .  '*"'  """"'"^  ^"^■ 

The  features  immediately  about  the  cataract  show  that  the  Falla 
are  to-day  in  a  condition  which,  so  far  as  we  know,  baa  occurred 
but  once  before  in  their  entire  history  —  the  waters  of  the  river 
are  divided  unequally  by  an  island,  and  for  this  reason,  as  we  shall 
see,  the  cataract  enters  over  the  side  wall  of  the  gorge  instead  of 
at  its  end  (Fig.  381),  although  the  turning  of  the  channel  from  this 
oauBe  is  combined  with  a  bend  of  the  river. 

The  drilling  of  the  gorge.  —  There  appear  to  be  two  important 
processes  which  are  responsible 
«=».1,_^__1 — ■  1    -  L      1       1    for  the   recession  of  the  Falls, 
the  rate  of  which  is  determined 
largely  by  the  resistance  of  the 
hmestone  capping  and  the  tena- 
city of  the  looser  shale  beneath 
it.     One  of  the  eroding  processes 
Fio.  378.  -  View  ot  the  bed  of  the  Niflgnra  operates  from  below  and  under- 
KivoT  above  the  CBtoraet,  where  water   mines  the  cap  until   the  unsup- 


I    (after   J.  W. 


to   the   bottom  of   the   gorge ; 
the  other  makes  its  attack  di- 
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rectly  from  above,  selecting  for  tbe  purpose  the  lines  of  ioinliag 
of  the  rock  which  it  widens  by  solution  and  corrasion  until  lii« 
included  blocks  are  in  so  far  separated  that  they  are  torn  out  and 
go  over  the  brink  of  the  Falls  {Fig.  378).  This  process  of  over- 
bead  attack  in  the  powerful  currents  just  above  a  cataract  b  ev«i 


Fto.  379.  —  FallB  of  3t.  Anthony,  loolcing  westward  from  Henoepia  libcd  !n  IISI 
(after  N.  H.  Wincbell,  daKuerreotype  by  Heialer  of  Chicaco). 

better  illustrated  by  the  Falls  of  St.  Anthony  near  MinneapoTis, 
which  have  had  a  similar  history  of  recession  to  that  of  the  Niagara 
Falls  (Fig.  379). 

The  blocks  of  the  capping  limestone  at  Niagara  Falls  are  u 
some  extent  fixed  in  size  by  the  joint  planes  present  in  them,  and 
as  they  fall  to  the  bottom  of  the  gorge,  they  promote  or  retard  the 
further  recession  of  the  Falls  according  as  they  can  or  cannot  b* 
moved  about  by  the  churning  currents  beneath  the  cataract-  Of 
the  retarding  effect  there  is  an  iUustration  in  the  accumulation  of 
the  blocks  below  the  American  and  the  intermediate  Luna  Falls 
(plate  23  A),  which  the  weaker  currents  upon  the  American  si>ip 
find  too  heavy  to  handle.  The  Canadian  Fall,  with  its  much  grcaltr 
power,  is  an  example  of  the  promotion  of  recession  through  the 
churning  about  of  the  blocks  at  tbe  base  of  the  cataract.  Wc  have 
Here  to  do  with  a  churn  drill  which  bores  its  way  into  the  bottom 
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e  with  iQcreajsing  radius  of  rotary  motioD  with  each  in- 
e  ia  volume  of  the  falling  water.  Under  this  rotary  churning 
soft    shales    are    tora    out   near   the   Ixittom   and   in  suc- 


W.  — Ideal  section  to  ahon 
nature  of  the  drUliag  proceea 
ath  the  oataract. 

DO  the  harder  layers 
e  until  the  capping  is 
led  (Fig.  380).  Thecon- 
oe  appear  now  to  be  such 
the  effective  work  ia 
ly  concentrated,  as  it 
lly  has  been,  near  the 
He  of  the  channel,  and 
le  gorge  recedes  with  a 
jn  of  the  earlier  river 
remaining  as  a  terrace  on 
T  side  and  extending  to 
former  river  bank  (Fig. 

i  must  have  Iwen  noted, 
peculiarity  of  the  opera^ 
of  the  chum  drill  beneath 
lataract  is  that  the  depth 
e  gorge  will  bear  a  direct 
ortioa  to  its  width,  and 


L 


'lo.  381,  — Flan  and  BsctiOD  o(  the  Niagara 
gorge,  showing  how  in  each  suctiuii  the 
depth  ia  proportional  to  the  width,  except 
in  the  lowest  Bertion  where  HUbsequent  river 
action  of  the  normal  type  has  modified  tho 
bad  of  the  cbaanel  (plan  after  Tayk 
sectiOD  after  Gilbert). 


i 
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if  the  volume  of  water  has  varied  during  the  process  of  recession, 
these  changes  in  volume  will  be  registered  in  the  width  and  also 
in  the  depth  of  that  section  of  the  gorge  which  was  drilled  »t  the 
time  —  the  cross  section  of  the  gorge  at  any  place  is  proportional 
to  the  volume  of  the  water  falling  in  the  cataract  which  produrM 
it,  modified,  however,  by  the  competency  to  handle  the  joint  blocks 
of  definite  size  (Fig.  381). 

The  present  rate  of  recession.  —  There  are  various  sketches, 
more  or  less  accurate,  made  in  the  early  part  of  the  nineteeiLll) 


Fia.  382.  —  CompoiiMiD  of  a  sketch  of  the  CaD&dUii  Pall  made  with  tlieud  i^* 
canient  lucida  in  1827  with  a  photflgrapb  iakea  from  the  uma  view  poiat  to  110! 
(after  Cabert). 

century,  and  from  the  later  period  there  are  daguerreot\-pes,  photo- 
graphs, and  maps,  which  refer  especially  to  the  Canadian  Fail;  aw! 
which,  taken  together,  render  possible  a  comparison  of  the  enrlief 
with  the  later  brinks.  By  comparing  the  earliest  with  the  iroenv 
views  it  is  seen  at  a  glance  that  the  Falls  are  receding,  luiil  at  i 
quite  appreciable  rate  (Fig.  382).     A  careful  comparisoD  of  the 
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nape  made  in  1842,  1875,  1886,  1890,  and  1905  of  the  brink  of 

tte  Canadian  Fall  (Fig.  383)  indicates  that  for  the  period  covered 

'Iba  rate  of  recession  has  been  about  five  feet  per  year,  and  similar 

•tudies  made  of  the  «.ou.n««.««.^ 

jlmerican  Fall  show  that  ^^ 

it  has  been  receding  at 

ihe  rate  of   only  three 

inches  per  year,  or  one 

iir^tieth  the  rate  of  the 

iBcession  of  the  Canadian 

FaU. 

Puture  extinction  of  the 
Lxnerican  Fall.  —  It  is 
because  of  this  many 
iznes  more  rapid  reces- 
ion  of  the  Canadian 
^all  that  the  Niagara 
^taract,  instead  of  lying 
»'thwart  the  gorge,  enters 
b  from  its  side.  The 
Canadian  Fall  is  thus  in 
■^^ality  swinging  about 
'lie  American,  and  the 
►  ime  can  already  be 

•OUghly  estimated   when   Fiq.  383.  — Map  to  show  the  recession  of  the  brink 
•his  more  effective  drill-       o^  t^e  Canadian  Fall,  based  upon  maps  of  diflfer- 

ng  tool  will  have  brought  ^^'^^  ^**^  ^^^^^  ^"^"*^- 
^bout  a  capture,  so  to  speak,  of  the  American  Fall  through  the 
Sutting  off  of  its  water  supply.  It  will  then  be  drained  and  left 
dterally  "  high  and  dry,"  an  enduring  witness  to  the  geological 
effect  of  an  island  in  making  an  unequal  division  of  the  waters  for 
the  work  of  two  cataracts. 

As  already  pointed  out,  the  ineflBciency  of  the  American  Fall 
IS  an  eroding  agent  is  amply  attested  by  the  wall  of  blocks 
ilready  appearing  above  the  water  below  it.  The  tourist  who  a 
thousand  years  hence  pays  a  visit  to  the  Niagara  cataract,  pro- 
rided  the  water  flow  is  allowed  to  remain  as  it  has  been,  will  find 
ibove  this  rampart  of  blocks  a  bare  cliff  in  part  undermined,  and 
nirmounted  by  a  nearly  flat  table  surface  which  is  cut  off  from  the 
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ink  of  the  gorge,  and  Fosters  Flats  to  a  lower  plain  near  the  level 
the  river  (see  Fig.  381,  p.  355).  The  peculiar  topographic  fea^ 
ires  at  this  lo);ality  are  well  brought  out  in  Gilbert's  bird's-eye 
lew  of  the  locality  (Fig.  385) ;  in  fact,  in  some  respects  better 
in  they  appear  to  the  tourist  upon  tiie  ground,  for  the  reason 
it  the  abandoned  channel  and  the  Flats  on  the  site  of  the  since 
idermined  island  are  both  heavily  forested  and  so  not  easy  to 
dude  in  a  single  view.  For  one  who  has  studied  the  existing 
itaracb  this  early  monument  is  full  of  meaning.  Standing,  as 
le  may,  upon  the  very  brink  of  the  former  cataract,  it  is  easy 
I  call  up  in  imagination  the  grandeur  of  the  earlier  surroundings 
td  to  hear  the  thunder  of  the  falling  water.  A  particularly  vivid 
wch  is  added  when,  in  digging  over  the  sand  about  the  great 
locks  of  fallen  limestone  underneath  the  brink,  one  comes  upon 
le  shells  of  an  animal  still  living  in  the  Niagara  River,  though  only 
.  the  continual  spray  beneath  the  cataract, 

The  Whirlpool  Basin  excavated  from  the  St.  Davids  Gorge.  — 
■  has  already  been  pointed  out  that  a  rock  channel  now  filled  with 
ladal  deposits  extends  from  the  Whirlpool  Basin  to  the  edge  of 
escarpment  at  St.  Diivids  (Fig.  389,  p.  363).  In  plan  this 
nried  gorge  has  a  trumpet  form,  being  more  than  two  miles  wide 
its  mouth  and  narrowing  to  the  width  of  the  upper  gorge  before 
has  reached  the  Whirlpool.  Near  the  Whirlpool  it  has  been  in 
irt  excavated  by  Bowman  Creek,  thus  revealing  walls  that  are 
5ll  glaciated.  Different  opinions  have  been  expressed  concerning 
le  origin  of  this  channel,  one  being  that  it  is  the  course  either  of 
pr^lacial  river  or  one  incised  between  consecutive  glacial  in- 
laions ;  and  another  that  it  is  a  cataract  gorge  drilled  out  between 
Iwial  invasions  after  the  manner  of  the  later  Niagara  gorge.  In 
ther  case  its  contours  have  been  much  modified  by  the  later 
Mier  or  glaciers,  whose  work  of  planing,  polishing,  and  widening 
revealed  in  the  exposed  surfaces ;  and  it  is  not  improbable  that 
cataract  has  receded  along  the  course  of  an  earlier  river  valley. 
Afl  we  shall  see,  there  are  facts  which  point  rather  clearly  to  an 
rlier  cataract  which  ended  its  life  immediately  above  the  present 
Tiirlpool.  When  the  later  Niagara  cataract  had  receded  to  near 
upper  end  of  the  Cove  section,  or  near  the  present  Whirlpool, 
falling  water  must  have  been  separated  from  this  older  channel 
id  its  filling  of  till  deposits  by  only  a  thin  wall  of  rock,  and  this 
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must  have  been  constantly  weakened  as  its  tbickn««8  was  further 
reduced. 

When  this  weakened  dam  at  last  gave  way,  it  must  have  pro- 
duced a  debacle  grand  in  the  extreme.  It  is  hardly  to  be  conceived 
that  the  "  washout "  of  the  ancient  channel  to  form  the  Whirl- 
pool Basin  could  have  occupied  more  than  a  small  fraction  ol  a 
day,  though  it  is  highly  probable  that  the  broken  rock  partition 
below  the  Whirlpool  was  not  immediately  removed  entire.  The 
manible-like  termination  of  the  Ekldy  Basin  immediately  above 
the  Whirlpool  has  led  Taylor  to  believe  that  the  cataract  quitkly 
regstablished  itself  at  this  point  upon  the  last  site  of  the  extinct 
St.  Davids  cataract.  If  reduced  in  power  for  a  short  interval,  as  a 
result  of  the  obstructions  still  remaining  in  the  lately  broken  dam 
below  the  Whirlpool,  the  remarkable  narrowing  of  the  gorge  &1 
this  point  would  be  sufficiently  accounted  for. 

Being  compelled  to  turn  through  more  than  a  right  angle  aftw 
it  enters  the  Whirlpool  Ba.'iin,  the  swift  current  of  the  Niagara 
River  is  forced  to  double  upon  itself  against  the  opposite  bank 
and  dive  below  the  incoming  current  before  emerging  into  the 
Cove  section  l>elow  the  Whirlpool  (Fig.  386). 

In  tearing  out  the  loose  deposits  which  had  filled  this  part  o( 
the  buried  St.  Davids  Gorge. 
many  bowlders  of  great  site 
were  left  which  slid  down  the 
slope  and  in  time  produced  an 
armor  about  the  looser  deposits 
beneath,  so  as  to  protect  than 
and  prevent  continued  excavi- 
tion.  Thus  it  is  found  that  the 
submerged  northwestern  wsD 
of  the  basin   is   sheathed  vith 

bowlders  large  enough  to  retain 

Fio.  386.  —  Map  of  the  Wliirlpool  BsMn,    -i     ....  j  _. 

showing  the  rock  Bide  wallsUk..  those  of  ^^'^''  positions  and  SO  Stop. 
the  Niagara  Gorge,  and  the  drift  honk  natural  proCeSB  of  placer  iHlt- 
which  (orms  the  northwest  waU    (after    washing   UpOn    a    gigantic   SOle 

^"'^"'-  (Fig.  386). 

;  shaping  of  the  Lewiston  Escarpment.  —  To  understand 
tlie  formation  of  the  Lewiston  Escarpment  cut  in  the  hard  Nuipui 
limestone,  it  ia  necessary  to  consider  the  geologj-  of  a  much  Isugft 
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srea  —  that  of  the  Great  Lakes  region  as  a  whole.  To  the  north 
of  the  Lakes  in  Canada  is  found  a  most  ancient  continent  which 
in  existence  when  all  the  area  to  the  southward  lay  below  the 
waters  of  the  ocean.  In  a  period  still  very  many  times  as  long 
ago  as  the  events  we  have  under  discussion,  there  were  laid  down 
oS  the  shore  of  this  oldlaad  a  series  of  unconsolidated  deposits 
which,  hardened  in  the  course  of  time,  and  elevated,  are  now  repre- 
aented  by  the  shales,  sandstone,  and  limestone  which  we  find, 
above  the  other,  in  the  Niagara  gorge  in  the  order  in  which  they 
Were  laid  down  upon  the  ocean  6oor.     The  formations  represented 


north  ^^M 
vhich  ^^ 


Fio.  3S7.  —  Map'  to  thott  tho  riieBtaa  which  have  played  so  important  a  part  ll 
fisdog  the  bouDdaries  of  the  Luke  baaiDs,  and  also  the  principal  preglaciol  liveti 
by  which  thoy  have  hcea  trenched  (based  upon  a  map  by  Grabau). 

in  the  gorge  are  but  a  part  of  the  entire  aeries,  for  other  higher  mem- 
bers are  represented  by  rocks  about  Lake  Erie  and  even  farther 
to  the  southward.  These  strata,  having  been  formed  upon  an  out- 
ward sloping  sea  Boor,  had  a  small  initial  dip  to  the  southward, 
and  this  has  been  probably  increased  by  subsequent  uptilt,  including 
the  latest  which  we  have  so  recently  had  under  discussion.  At 
the  present  time  the  beds  dip  southward  by  an  angle  of  leas  thai^ 
four  degrees,  or  about  thirty-five  feet  in  each  mile. 


I 
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When  the  elevation  of  the  land  in  the  viciiuty  of  thia  shore  had 

caused  a  recesaion  of  the  waters,  there  was  formed  a  coastal  ptiin 

oa  the  borders  of  the  oldland  like  that  which  is  now  found  upon 

our  Atlantic  border  between  the  Appalachians  and  the  sea  (Hg. 

272,  p.  246).     The  rivers  from  the  oldland  cut  their  way  in  nairov 

trenches  across  the  newland,  and  because  of  the  harder  limestone 

formations,  their  tributaries  gradually  became  diverted  from  th«r 

earlier  courses  until  they  entered  the  trunk  stream  nearly  at  ri^t 

angles  and  produced  the  type  of  drainage 

network  which  is  called  "  trellis  drainage." 

It  js  characteristic  of  this  drainage  that 

few  tributaries  of  the  second   order  TiO 

Sow  up  the  natural  slope  of  the  beds,  but 

on  the  contrary  these  natural  slopes  an 

followed  m  the  softer  rock  nearly  at  right 

angles  again  to  the  tnbutaries  of  the  fint 

order  of  magnitude  (Fig   387).     Thus  an 

produced  a  senes  of  more  or  less  paraM 

escarpmente  formed  m  the  harder  rock  and 

having  at  their  base  a  lowland  which  rises 

gradually  in  the  direction  of  the  oldland 

until  a  new  esrarpment  is  reached  in  the 

.  _Br(i  ^^"^^  lower  of  the  hard  formations.    Such 

of  the  cucatua  Bouiii  of  flat  topped  uplinds  in  series   with  imer- 

Lakra  Outa  o  and  Ere  me<liite  lowKnd    and  separated  by  sharp 

^^ ' ''         '"  escarpment    ire  known  as  aiestas  (see  p- 

240)    m  1  the  Lemston  E'iCirpmcnt  limits  that  formed  in  Niagara 

limcKtoiic  (Figs.  387  and  388). 

Episodes  of  Niagara's  histor;  and  their  correlation  with  thote 
of  the  Glacial  Lakes.  —  Of  the  early  episodes  of  Niagara's  historj'. 
our  knowledge  i:i  not  as  perfect  as  we  could  desire,  but  the  laltr 
evt'iils  are  fully  and  trustworthily  recorded.  The  birth  of  the 
Falls  is  to  be  dated  at  the  time  when  the  ice  front  had  here  first 
retired  into  what  i;*  now  Canadian  territory,  thus  for  the  first  time 
allowing  the  waters  from  the  Erie  basin  to  discharge  over  the  Lewis- 
ton  Escarpment  into  the  basin  of  the  newly  formed  Lake  Iroqums 
(Fig.  3G4,  p.  334).  Since  the  level  of  Lake  Iroquois  was  far  above 
that  of  the  present  Lake  Ontario,  the  new-bom  cataract  was  not 
the  equivalent  in  height  of  the  escarpment  to-day.     The  Iroquois 
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vaters  then  bathed  all  the  lower  portion  of  the  escarpment, 
that  the  foot  of  the  Fall  was  upon  the  borders  of  the  Lake. 

In  order  to  interpret  the  history  of  the  Niagara  gorge,  we  must  I 
remember  that  the  eflfective  drilling  of  this  gorge  was  in  each  stage  I 
dependent  mainly  upon 
the  volume  of  water  dis- 
charged from  Lake  Erie, 
s  large  discharge  being 
recorded  by  a  channel 
diilled  both  wide  and 
deep,  while  that  pro- 
duced by  the  discharge 
of  a  smaller  volume  was 
correspondingly  narrow 
Bad  shallow.  To-day 
the  gorges  of  large  cross 
section  have,  moreover, 
a  relatively  placid  sur- 
face, whereas  through  the 
constricted  sections  the 
water  of  the  river  is  un- 
able to  paaa  without  first 
raising  its  level  at  the 
upper  end  and  under  the 
bead  thus  produced  rush- 
ing through  under  an  in- 
creased   velocity.       The 


Fia.  38a,  —  Skntch  map  o!  the  gn-ster  portion  <rf  1 
the  NiagoTtt  Gorg?  to  tihow  the  chaages  ir 
WPtion  ID  tboir  rolntioiiB  to  Niagara  tuBtoryl 
(baaed  upon  a  map  by  Taylor}. 


beat  illustration  of  such  a  constricted  section  is  the  Gorge  of  the  I 
Whirlpool  Rapids. 

Our  reading  of  the  history  should  begin  at  the  site  of  the  present  1 
cataract,  since  the  records  of  later  events  are  so  much  the  more  J 
complete  and  legible,  and  it  should  ever  be  our  plan  to  proceed  I 
from  the  clearly  written  pages  to  those  half  effaced  and  illegible,  t 

Aa  we  have  learned,  the  most  abrupt  change  in  the  cross  section  I 
of  the  gorge  is  found  a  little  above  the  railroad  bridges,  where  the  I 
Upper  Great  Gorge  is  joined  to  the  Gorge  of  the  Whirlpool  I 
Rapids  (Fig.  389).  In  view  of  the  remarkably  uniform  crosa  I 
section  of  the  Upper  Great  Gorge,  there  is  no  reason  to  doubt  that  | 
it  has  been  drilled  throughout  under  essentially  the  same  volume  i 
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of  water,  and  that  its  lower  limit  marks  the  position  of  the  former 
cataract  when  the  waters  from  the  upper  lakes  were  transferred 
from  the  "  North  Bay  Outlet "  into  the  present  or  "  Port  Huron 
Outlet  "  and  Lake  Erie.  As  the  upper  limit  of  the  Gorg^  of  tiie 
Whirlpool  Rapids  thus  corresponds  to  the  closing  of  the  "  North 
Bay  Outlet "  and  the  extinction  of  the  Nipissing  Great  Lakes, 
so  its  lower  limit  doubtless  corresponds  to  the  opening  of  that  outlet 
and  the  termination  of  the  preceding  Algonquin  stage ;  for  in  the 
stage  of  the  Nipissing  lakes  the  water  of  the  upper  lakes,  as  we 
have  learned,  reached  the  ocean  through  the  northern  outlet. 

Mr.  Frank  Taylor,  who  has  given  much  study  to  the  problem 
of  Niagaran  history,  believes  that  the  Middle  Great  Gorg^,  com- 
prising the  Eddy  Basin  and  the  Cove  section,  represents  the  gorgp 
drilling  which  occurred  during  the  later  stage  of  Lake  Algonquin 
after  the  "  Trent  Outlet "  had  been  closed  and  the  waters  of  the 
upper  lakes  had  been  turned  into  the  Erie  Basin. 

Summarizing,  then,  the  episodes  of  the  lake  and  the  gorge  history 
are  to  be  correlated  as  follows: — 


Glacial  Lake 

Early  Lakes  Iroquois  and  Algon- 
quin. 

Later  Lakes  Iroquois  and  Algon- 
quin with  upper  lakes  discharging 
into  Erie  basin. 

Nipissing  Great  Lakes  with  the 
upper  lake  waters  diverted  from 
Lake  Erie. 

Recent  St.  Lawrence  drainage 
since  the  waters  of  the  upper  lakes 
were  discharged  into  Lake  Erie 
through  occupation  of  the  Port 
Huron  Outlet. 

Time  measures  of  the  Niagara  clock.  —  In  primitive  civilisa- 
tions time  has  sometimes  been  measured  by  the  lapse  necessary 
to  accomplish  a  certain  task,  such,  for  example,  as  walking  the 
distance  between  two  points ;  and  the  natural  clock  of  Niagara 
has  been  of  this  type.  But  men  possess  differences  in  strength 
and  speed,  and  the  same  man  is  at  some  times  more  vigorous  than 


Niagara  Gobgb 

Drilling  of  the  gorge  from  the 
Lewiston  Esoarpment  to  the  Covo 
section  above  the  Wintergreen  Flats. 

Drilling  of  Middle  Qreat  Gorge. 


Drilling  of  the  narrow  Gorge  of 
the  Whirlpool  Rapids. 

Drilling  of  Upper  Great  Qorge  to 
the  present  cataract. 
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s  others,  and  so  does  not  work  at  a  uniform  rate.  The  cataracfr 
I  Niagara,  charged  with  the  pent-up  enei^  of  the  waters  of  all 
be  Great  Lakes,  can  rush  its  work  as  it  is  clearly  unable  to  do  at' 
Imes  when  the  greater  part  of  this  energy  has  been  diverted.- 
Inits  of  distance  measured  along  the  gorge  are  therefore  too  un- 
eliable  for  our  use,  with  the  unique  exception  of  the  stretch  from 
he  railroad  bridges  to  the  site  of  the  present  cataract,  within 
rhich  stretch  the  gorge  cross  sections  are  so  nearly  uniform  as  to 
Ildicate  an  approximation  to  continued  appHcation  of  uniform 

E.     This  energy  we  may  actually  measure  in  the  existing 
;t,  and  so  fix  upon  a  unit  of  time  that  can  be  translated  into 

In  order  to  secure  the  normal  rate  of  recession  of  this  Upper 
^reat  Gorge,  we  should  add  to  the  volume  of  water  in  the  Canadian 
fall  that  now  passing  over  the  American;  and  for  the  reason  that 
|ie  blocks  which  fall  from  the  cataract  cornice  and  are  the  toob 
if  the  drilling  instrument  approximate  to  a  definite  size  fixed  by 
beir  joint  planes,  the  effect  of  this  added  energy  it  is  not  easy 
o  estimate.  We  may  be  sure,  however,  that  the  drilling  action 
^uld  be  somewhat  increased  by  the  junction  of  the  two  Falls, 
Ind  thus  are  assured  that  the  average  rate  of  recession  within  the 
Jpper  Great  Gorge  has  been  somewhat  in  excess  of  the  five  feet 
fer  year  determined  by  Gilbert  for  the  present  Canadian  Fail. 
the  Upper  Great  Gorge  is  about  two  miles  in  length,  and  its  begin- 
dng  may  thus  be  dated  near  the  dawning  of  the  Christian  Era. 
rhe  Whirlpool  Gorge  was  cut  when  the  ice  vacated  the  North  Bay 
^tlet  in  Canada,  and  still  lay  as  a  broad  mantle  over  all  north- 
ttstem  Canada.  For  the  earlier  gorge  and  lake  stages,  the  time 
Btimates  are  hardly  more  than  guesses,  and  we  need  not  now  con- 
lem  ourselves  with  them. 

The  horologe  of  late  glacial  time  in  Scandinavia.  —  A  glacial 
imepiecc  of  somewhat  different  construction  and  of  greater  refine- 
Bent  has  been  made  use  of  in  Scandinavia  to  {lerive  the  "  geo- 
ibronotogy  of  the  last  12,000  years."  Instead  of  retreating  over 
be  land  and  impounding  the  drainage  as  it  did  so,  the  latest  con- 
|nental  glacier  of  Scandinavia  ended  below  sea  level,  and  as  it 
Stired,  its  great  subglacial  river  laid  down  a  giant  esker  known  as 
Be  Stockholm  Os,  which  was  bordered  by  a  delta  and  fringed  on 
r  ride  by  water-laid  moraines  of  the  block  type.     These  re- 
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cessional  moraines  are  upon  the  average  less  than  1000  feet  apart, 
and  are  believed  to  have  each  been  formed  in  a  single  season.  Hie 
delta  deposits  which  surround  the  esker  are  of  thin-banded  clay, 
and  as  an  additional  uppermost  band  is  found  outside  every  mo- 
raine, these  bands  are  also  believed  to  represent  each  the  delta 
deposit  of  a  single  year.  In  studies  extending  over  many  years, 
Baron  de  Geer,  with  the  aid  of  a  large  body  of  student  helpers, 
has  succeeded  in  completing  a  count  of  moraines  and  clay  layers, 
and  so  in  determining  the  time  to  be  12,000  years  since  the  ice 
front  of  the  latest  continental  glacier  lay  across  southern  Sweden. 
The  fertility  of  conception  and  the  thoroughness  of  execution  of 
this  epoch-making  investigation  recommend  its  conclusion  to  the 
scientific  reader. 
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CHAPTER  XXVI 
LAND  SCULPTURE  BY  MOUNTAIN  GLACIERS 

Contrasted  sculpturing  of  continental  and  mountain  glaciers.  — 
In  discussing  in  a  previous  chapter  the  rock  pavement  lately  un- 
eovered  by  the  Greenland  glacier,  we  learned  that  this  surface  had 
been  lowered  by  the  processes  of  plucking  and  abrasion,  the  com- 
bined effect  of  which  is  always  to  reduce  the  irregularities  of  the 
surface,  soften  its  outlines,  and  from  sharply  projecting  masses  to 
develop  roimded  shoulders  of  rock  —  roches  moiUonnSes. 

Though  the  same  processes  act  in  much  the  same  manner  beneath 
mountain  glaciers,  though  here  upon  all  parts  of  the  bed,  they  are, 
in  the  earlier  stages  at  least,  subordinated  to  a  third  process  more 
important  than  the  two  acting  together.  Sculpture  by  mountain 
glaciers,  instead  of  reducing  surface  irregularities  and  softening 
outlines,  increases  the  accent  of  the  relief  and  produces  the  most 
sharply  rugged  topography  that  is  known.  In  njearly  all  places 
where  Alpinists  resort  for  difficult  rock  climbing,  mountain  gla- 
ciers are  to  be  seen,  or  the  evidence  for  their  former  presence  may 
be  read  in  unmistakable  characters. 

Wind  distribution  of  the  snow  which  falls  in  mountains.  — 
Until  quite  recently  students  of  glaciation  have  concerned  them- 
selves but  little  with  the  work  of  the  wind  in  lifting  and  redis- 
tributing the  snow  after  it  has  fallen.  We  have  already  seen  that, 
for  the  continental  glaciers,  wind  appears  to  be  the  chief  trans- 
porting agent,  if  we  except  the  marginal  lobes  where  glacier  flow 
assiunes  large  importance.  In  the  case  of  mountain  glaciers,  also, 
we  are  to  find  that  for  the  earlier  stages  particularly  wind  is  of  the 
first  importance  as  a  redistributing  agent.  In  the  higher  levels 
snow  is  swept  up  from  the  ground  by  all  high  winds,  and  does  not 
find  a  resting  place  until  it  is  dropped  beneath  an  eddy  in  some 
irregularity  of  the  surface;   and  if  the  inherited  surface  be  rela- 
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tively  smooth,  this  will  be  found  in  most  cases  upon  the  le«  i^u 
mountain  crest. 

In  normal  cases  at  least  tbe  inherited  irregularities  of  the  lugber 
zones  of  mountain  upland  are  the  gentle  depressions  which  de^-elop 
at  the  heads  of  streams.  These  become,  then,  the  sites  of  snow- 
drifts that  are  augmented  in  size  from  year  to  year,  thou|h  at 
first  they  melt  away  in  the  late  summer. 

The  niches  which  form  on  snowdrift  sitee.  —  Wherever  a  drift 
is  formed,  a  process  is  set  in  operation,  the  effect  of  which  is  to 
hollow  out  and  lower  the  ground  beueath  it,  a  process  which  has 
been  called  nivation.  The  drift  shown  in  Fig.  390  was  photo- 
graphed in  late  summer  at  an  elevation  of  some  9000  feet  in  the 
Yellowstone  National   Park.     The  very  gently  sloping  suriaot 


Fio.SBO.- 


surrounding  the  drift  is  covered  with  grass,  but  within  a  lone  a 
few  feet  in  width  on  the  borders  of  the  drift  no  grass  is  growinj, 
and  in  its  place  is  found  a  fine  brown  soil  which  is  fast  becomii^ 
the  prey  of  the  moving  water  derived  by  melting  of  the  drift 
This  is  explained  by  the  water  permeating  the  crevices  of  the  rock 
and  being  rent  by  the  nightly  freezing.  Farther  from  the  drift 
the  ground  is  dry,  and  no  such  action  is  possible.  With  each  suc- 
ceeding spring  the  augmented  drift  as  it  melts  carries  all  findy 
comminuted  rock  material  down  slopes  beneath  the  snow  to  emei^ 
at  the  lowest  margin  and  be  there  deposited  in  the  form  of  a  delta. 
By  the  operation  of  this  process  of  nivation  the  higher  parte  of  the 
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;  lowered  as  deposition  goes  on  upon  the  lower.  The 
ubtned  effect  is  thus  to  produce  a  niche  or  faintly  etched  amphi- 
jater  upon  the  slope  of  the  mountain  (Fig,  391), 


The  augmented  snowdrift  moves  down  the  valley  —  birth  of 
!  glacier.  —  In  still  lower  air  temperatures  the  drifts  enlarge  with 
:h  succeeding  year  until  they  endure  throughout  the  summer 
ison.  From  this  stage  on,  an  increment  of  snow  is  left  from  each 
3ceeding  season.  No  longer  entirely  wasted  by  melting,  the 
ae  soon  comes  when  the  upper  snow  layers  will  by  their  weight 
mpresB  the  lower  into  ice,  and  the  mass  will  begin  to  creep  down 
B  slope  along  the  course  of  the  inherited  valley.  The  enlarged 
owdrift  which  feeds  this  ice  stream  is  called  the  niv4  or  firn. 
Against  the  sloping  cliff  which  had  been  shaped  by  nivation 
the  upper  margin  of  the  snowdrift,  that  snow  which  is  not  of 
fficient  depth  to  begin  a  movement  towards  the  valley  separates 
im  the  moving  portion,  opening  as  it  does  so  a  cleft  or  crevasse 
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parallel  to  the  wall.     This  crack  In  the  snow  is  called  by  iU  Gct- 
man  name  Bergschrund  or  Randspalte,  and  may  perhaps  be  re- 
ferred to  as  the  marginal  crcvaaw 
(Fig.  392). 
The   ezcavatioa    of    the  gitciil 

^  amphitheater   or    cirque. — It  bat 

^^^^^i^^rfs^-p-^— »_^  been  found  that  the  mar^nsl  ere- 
p?^  Tr  J- "  "l^^aS^a^^S  vasse  playa  a  most  important  rfle 
in  the  sculpture  of  mountaina  by 
glaciers,  for  the  great  araphithealn' 
which  is  everywhere  the  collecting 
basin  for  the  nourishment  of  moun- 
tain glaciers  is  not  an  inherited 
feature,  but  the  handiwork  of  the 
ice  itself.  This  was  the  discovery 
of  Mr.  W.  D.  Johnson,  an  American 
topographer  and  geologist,  who,  in 
order  to  solve  the  problem  of  the 
amphitheater  allowed  himself  to  i# 
towered  into  such  a  crevasse  upon 
the  Mount  Lyell  glacier  of  tie 
Sierra  Nevadas  in  .California. 
Let  down  a  distance  of  a  hundred  and  fifty  feet,  he  reached  the 
bottom  of  the  crack,  and  in  a  drizzling  rain  of  thaw  water  stood 
upon  a  floor  composed  of  rock  masses  in  part  dislodged  from  a  iraJl 
which  extended  some  twenty  feet  upward.i  upon  the  cliff  side  of  the 
crevasse.  It  was  evident  that  the  warm  air  of  the  day  produced 
the  thaw  water  which  was  constantly  dripping  and  which  filled 
every  crack  and  cranny  of  the  rock  surface.  With  the  sinking  of 
the  sun  below  the  peaks  the  sudden  chill,  so  characteristic  of  tie 
end  of  the  day  in  high  mountains,  causes  this  water  to  freexe  and 
thus  rend  the  rock  along  its  planes  of  jointing.  Broad  and  thin 
plates  of  ice,  loosened  by  melting  at  the  walls,  could  be  extractal 
from  the  crevices  of  the  rock  aa  mute  witnesses  to  the  powerfol 
stresses  developed  by  this  most  vigorous  of  weathering  processoL 
In  short,  the  rock  wall  above  the  glacier,  which  in  its  initM 
stage  was  the  upper  wall  of  the  niche  hollowed  beneath  the  snow- 
drift, is  first  steepened  and  later  continually  Iwth  recessed  and 
deepened  by  an  intensive  frost  renduig  which  is  in  operatiaa  tX 


Pio.  302.  — The  marginal  ni 
Bergschmiid  on  the  hjghcat  ninrgin 
of  a  glucier  (after  Gilbert). 


w 


Sca£e. 


^MUra. 


'?\a.  3»3.  —  NichGs  urid  cirques  in  the  i 
vicinity  in  thv  Bighorn  Mountaii 
Wyoming.  A.  A.  unmodified  valleys; 
B.  B.  niches  on  drift  sites :  C,  C,  cirquea 
UD  small  glaoier  «tes  {after  ma! 
F.  E.  Mnthea,  U,  S.  G,  S,), 
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e  of  the  marginal  crevasse.     The  same  process  does  not  go 

on  as  rapidly  above  the  surface  of  the  n6v4  for  the  reason  that  ih& 

fieceasary  welling  of  Ike  rock  surface  does  twI  there  so  generally  resvU 

^rom    the  daily  summer  thaw.  

lAt  the  bottom  of  the  mar^nal 

crevasse  alone  is  this  condition 

fully  realized.     Intensive  frost 

Action  where  the  rock  is  wet  wilh 

.thaw   water  daily    is    thus    a 

iundamental  cause,  both  of  the 

j  hollowing  of  the  early  drift  site 

;-to  form  the  niche,  and  of  the 

I  later  enlargement  of  this  niche 
into  an  amphitheater  or  cirque 

[■when  the  drift  has  been  trans- 

I  formed  into    the    n6v6    of    a 

I  glacier.     Inasmuch  as  the  cre- 

!  vasse  forms  where  the  snow  and 
ice  pull  away  from  the  rock 

.toward  the  middle  of  the  depression,  the  cirque  wall  in  its  early 

I  stage  has  the  outline  of  a  semicircle.  In  the  Bighorn  Mountains 
of  Wyoming,  all-stages,  from  the  unmodified  valley  heads  to  the 
full-formed  cirque,  may  be  seen  near 
one  another  (Fig.  393).  It  will  be 
noted  that  wherever  a  glacier  has 
formed,  as  indicated  by  the  cirque, 
there  is  a  series  of  lakes  which  have 
developed  in  the  valley  below  (see 
p.  412). 

Life  history  of  the  cirque. — In  its 
earliest  stage  the  cirque  is  more  or 
leas  uniformly  supplied  with  snow 
from  all  sides,  and  so  it  enlarges  by 
recession  in  a  manner  to  retain  its 
early  semicircular  outUne.  In  a  later 
stage  a  larger  proportion  of  the  snow 
reaches  the  cirque  at  its  sides  bo  that 
its  further  enlargement  causes  it  to 
broaden  and  to  flatten  somewhat  that 
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Fin.  394.  — Subordinate  Hmall  eir- 
quis  in  the  amphitheater 
west  face  of  the  Wannehorn 
»lx)ve  the  Great  Alctach  Glacier 
ol  Switierlaiid. 


Fio.  3S6.  — "Biac 


part  of  its  outline  which  represents  the  bead  of  the  valley  ( 
398,  p.  364).    As  the  territory  of  the  upland  is  still  furthei 

by  the  cirques,  tlieir  noui 
ment  becomes  still  more 
ular,  and  the  circular  oi 
gives  place  to  a  scslli 
border,  as  the  amphitbettV 
becomes  differentiated  iBto 
subordinate  smaller  drqon. 
each  of  which  corresponds  (o  i 
scallop  of  the  outline  (Fig.  396 
and  Fig.  394). 

Grooved  and  fretted  vf- 
lands.  —  The  partial  invprt- 
ment  by  cirques  of  a  niotinuin 
upland  yields  a  type  of  topcf- 
raphy  quite  unlike  ttint  pn> 
duced  by  any  other  geok^dl 
process.  The  irreKUlariv  no*- 
nected  remnants  nf  tV.  ■^'-  - 
ited  upland  reseinil 
BO  much  as  a  isyir 
from  which  biscuits  li^ivi-  imu 
cut  (Fig.  395).  Thesurfw*M 
a  whole,  furrowed  as  it  is  below 


Fio.  396.  —  Two  inleraectiiiB  JDVi^rled 
coDEB  repreeeatine  glacial  cirques  of  dif- 
tcrcDt  naes,  to  show  that  thdr  ioUrwC' 
tion  ia  the  aro  of  a  byperboia,  the  curve 
to  which  the  col  approiimatcs. 


.  Contour  map  of  a  grooved  uplaad  3  ghom  Mtiunta  aa  Wyoming 
(U.  S.  Geol.  Survey). 


A 
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[Ues,  may  be  described  as  a  grooved  upland  (plate  19  A), 
er  continuation  of  the  process  removes  all  traces  of  the 
ipiaud,  for  the  cirques  intersect  from  opposite  sides  and 
eld  palisades  of  sharp  rock  pimmctes  which  rise  on  pre- 
i  walls  from  a  terraced  floor.  This  ultimate  product  of 
sculpture  by  glaciers  is  called  a  fretted  upland  (plate  18 
L9B}. 

features  carved  above  the  glacier. — The  ranges  of  pin- 
;arv«l  out  by  mountain  glaciers  have  become  known  by 
names  of  foreign  derivation,  such  as  arSte,  grcU,  aiffuUle 


ins,  "  files  of  gendarmes,"  etc.  They  may,  perhaps,  be 
erred  to  as  comb  ridges,  and  according  to  their  position  they 
erentiated  into  main  and  lateral  comb  ridges,  as  will  be 
3m  the  second  map  of  plate  19. 

the  gradual  invasion  of  the  upland  upon  which  the  cirques 
ade  their  attack,  the  urea  from  which  winds  may  gather 
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-"^  I 

GRoa/a)  Upland 


^ — ^  ir 


up  the  snow  is  steadily  diminished,  and  hence  cirque  reces^on  is 
correspondingly  retarded.  Cirques  which  have  approached  each 
other  from  opposite  sides  of  the  ridge  until  they  have  become  tan- 
gent at  one  point  may,  however,  still  receive  nourishment  at  the 
sides  and  so  continue  to  cut  down  the  intervening  rock  wall  to 
form  a  pass  or  col.    The  theoretical   curve  which   results  from 

this  intersection  is  thai 
(^^^^^^^^  ^.'--•v^^  known  as  the  hyperbola, 

\^ y^"N.\  ^^  which  an   illustration 

^  is  afforded  by  Fig.  396. 

An  approximation  to  this 
form  is  clearly  furnished 
by  most  of  the  mountain 
passes  in  glaciated  moun- 
tain districts,  and  a  par- 
ticularly good  illustration 
is  furnished  from  the 
vicinity  of  Glacier  on  the 
line  of  the  Canadian  Pa- 
cific Railway  (Fig.  397). 
Upon  either  side  of  the 
col  the  land  mass  is  left 
in  high  relief,  rising  from 
a  more  or  less  triangular 
base  (Fig.  398,  III)  into  a  sharp  horn  or  tooth.  An  illustration 
of  such  a  horn  is  furnished  by  the  Matterhom  in  the  Swiss  Alp?, 
or  by  Mount  Sir  Donald  in  the  Selkirks,  though  less  noteworthy 
examples  may  be  found  in  every  maturely  glaciated  mountain 
district. 

The  features  shaped  beneath  the  glacier.  —  Those  features 
which  are  carved  above  the  glacier  —  the  comb  ridge,  the  col, 
and  the  horn  —  are  all  shaped  as  a  result  of  intensive  weathering 
upon  the  cirque  wall.  The  shaping  at  lower  levels  is  accomplished 
by  processes  in  operation  below  the  glacier  surface,  where  weather- 
ing is  excluded  and  where  plucking  and  abrasion  ivork  together 
to  tear  away  and  grind  off  the  rock  surface.  By  their  joint  action 
the  valley  is  both  deepened  and  widened,  directly  to  the  height  of 
the  glaeier  surface,  and  indirectly  through  undermining  as  far  up 
as  rock  extends.     Thus  the  valley  is  transformed  into  one  of  broad 


Fia.  398.  —  Diagrams  to  illustrate  the  progres- 
sive investment  of  an  upland  by  cirques  with 
the  formation  of  comb  ridges,  cols,  and  horns. 
I,  early  stage,  youth;  II,  intermediate  stage; 
III,  late  stage,  maturity. 
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Bid  flat  bed  and  precipitous  aide  waJls  —  the  U-shaped  Bectioo 
Qustrnted  by  vallej-s  of  the  Swiss  Alps  and  in  fact  in  all  districts 
rfaicb  liave  been  strongly  glaciated  by  mountain  glaciers  (Fig. 
09). 

As  high  up  in  the  valley  as  it  has  been  occupied  by  the  glacier, 
be  bed  is  rounded,  smoothed,  and  polished,  and  marked  by  the 
iiaract«ristic  glacial  scorings  or 
Irise  which  point  down  the  val- 
Sy,  Above  the  level  of  the  gla- 
jer's  upper  surface,  on  the  other 
land,  erosion  is  accompUahcd 
brougb  undermining  or  sapping, 
»  process  which  always  leaves 
recipitous  slopes  of  ragged  sur- 
ice  made  up  of  the  joint  planes 
n  whieb  the  fallen  blocks  have 
^arated  from  the  clitT.  Thus 
bere  is  found  a  sharp  line  which  separates  the  smoothly  rounded 


Fio.  309.  — Thi'  U-slmjH-a  K.th  vnllty 
in  the  Sietrs  SLwadaa  oi  Calitoroia 
<»flerW.B.  Scott). 
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rock  surface  below  from  the  ja^ed  and  precipitous  one  above 
(Fig.  400).  Inasmuch  as  this  boundary  usually  separates  the 
scalable  from  the  inaccessible  slopes  above,  snow  is  apt  to  lodg; 
at  this  level  and  make  it  strikingly  apparent. 

If  uplift  of  the  land  occurs  while  glaciers  occupy  the  valleys  vi 
mountains,  an  increased  capacity  for  deepening  tJie  valley  is  tm* 
parted    to   tlusr  m 
streams,  and  we  6ik1, 
as  a   result,  u  (l<fp 
■  central   valley  ol   U 
cross    section    exca- 
vated within  a  rela- 
_        lively  broad   trou^ 
nA^S  '^^'^^^^^'^      visible     above     the 

^^Jt'-  -^    ^^_ — ^tR^'^^A   J?^"^     shoulderoneitlicrside 
^ -_,,„-     ,    jp*y-         — v^  of  the   later  furrow. 

^.^k^^i,         pMrf  Save    only    for    its 

^^  characteristic  eun,-e8, 

c  from  the  gupfj  ^  vallpV  ItWUS 
close  resemblance  to 
a  mat(ire  stream  val- 
ley which  has  been  rejuvenated  (see  p.  1 73).  The  remnants  of  the 
earlier  glacier-carved  valley  are,  as  already  stated,  gently  cur^'ing 
high  terraces  so  common  in  Switzerland,  where  they  are  known  as 
aiha  or  high  mountain  meadows.  These  albs  may  be  seen  lo  special 
advantage  on  the  sides  of  the  Chamonix  valley  (Hg.  401),  the 
Lauterbrunnen  valley,  or  in  fact  almost  any  of  the  larger  AlfHae 
valleys. 

The  cascade  stairway  in  glacier-carved  valleys. —  If  now,  instead 
of  giving  our  attention  to  the  cross  section,  we  follow  the  cuuiw 
of  the  valley  that  has  been  occupied  by  a  glacier,  we  find  that  it 
descends  by  a  series  of  steps  or  terraces  having  many  backwardly 
directed  treads  (plate  19),  whereas  a  normal  and  well-establiatiod 
river  valley  has  only  forward  grades.  Because  i.;f  these  bat^- 
ward  grades  the  stream  waters  are  impounded,  and  so  lakc# 
are  found  strung  along  the  valley  in  chains  as  the  larger  beads 
are  found  in  a  rosary,  and  these  are  the  characteristic  roek  basin 
lakes  sometimes  referred  to  as  "  Fatemoster  Lakes  "  (see  p.  412 
and  Fig.  402). 


Fto.  401.  — View  of  the  Valo  at  CbBnon 
B^raca  of  the  Glacier  des  Buaauna.     The  alb  □ 
□ppoaite  side  ia  well  brought  ou 
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When  the  backward  grades  upon  the  valley  floor  are  especially 
steep,  the  rock  step  becomes  a  rock  bar,  or  Riegel,  of  which  nearly 
«very  Alpine  valley  has  its  examples.  In  a  walk  from  the  Grimsel 
"to  Meiringen  many  such  bars  are  passed.  Carrying  in  suspension 
the  sharp  rock  sand  from  the  glacier  deposits  along  its  bed,  the 


1 

llyH 
rlv  ^ 


'^'lo.  102, —  Map  of  BD  urea  Dear  the  cuatitipiitul  divide  in  Cnlurado,  showing  an 
UDglsciBted  surface  to  the  weal  of  the  divido.  where  the  wostcrly  wiods  have  cleared 
thr  ground  of  buow.  and  the  glacier-carved  country  to  the  eutward.  Note  the 
TcsularformBof  the  youthful  cirque,  the  glacier  atnirwAy.iuid  themck  baaiu  [akca 


(XI.  S 


S.). 


stream  which  succeeds  to  thfi  glacier  as  it  vacates  ite  valley  saws 
'ta  way  through  these  obstructions  with  a  rapidity  that  is  amazing, 
^lius  producing  narrow  defiles,  of  which  the  Gorge  of  the  Aar  near 
-^leiringen  and  that  of  the  Corner  near  Zermatt  are  such  well- 
•cnown  examples  (Fig.  403). 

It  is  characteristic  of  rivers  that  the  tributaries  cut  their  val- 
^^ys  more  rapidly  than  does  the  main  stream  within  the  neighbor- 
*»lg  section,  though  they  cannot  cut  lower  than  their  outlets  — 
the  side  streams  enter  accardanUy.  This  is  easily  explained  be- 
cause the  grades  of  the  tributary  streams  are  the  steeper,  and,  aa 
'H'e  well  know,  the  corrasion  of  a  valley  is  augmented  at  a  most 


I 
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amazing  rate  for  each  increase  of  its  grade.     No  such  Uw  controlB 

the  processes  of  plucking  and  abrasion  by  which  the  glacier  lywws 
its  floor,  for  the!«e  processes 
appear  to  depend  for  Iboir 
efficiency  upon  the  depth  of 
the  ice,  and  the  supply  lA 
cutting  tools,  quite  as  much 
as  upon  the  grade  of  \i» 
bed.  To  apply  a  houiiJy 
illustration,  the  hoUovring 
of  flagstones  upon  our  *alVs 
is  dependent  more  upon  tiie 
number  of  persons  that  pass 
over  them,  and  upon  their 
size  and  the  number  of  pro- 
truding nails  in  their  boot 
heels,  than  upon  the  grades 
upon  which  they  are  plaml 
At  all  events  we  find  that 
the  main  glacier  valleys  are 
cut  deeper  than  the  side 
vallej's,  so  that  the  lattre 
become  hanging  vaOej/i  — 
they  enter  the  main  vallcjr 
not  upon  its  bed,  but  some 
distance  above  it  (Fig  4W) 
The  U-shaped  hanging  valleys,  like  the  main  \  alh  \    ah   umri 

too     large     for     the 

streams  which  now  All 

them,  and  these  di- 
minutive side  streams 

plunge  over  the  stcpp 

wall  of  the  main  vallty 

in  ribbon-like  falls  'io 

thin    that    the    nind 

turns  them  aside  and 

disperses  the  water  m   „      .     ,    ^  ... 

FlO  404  —  Idenliatic  iketch  Hhovins  bolh  ^ 
the  spray  Ol  a  bridal  ^^d  nOD-Klacotfd  iide  vdlcys  mbutary  to  » 
veil."      Such   falls  are       ated  moiii  valley  (oTt^  Daiisl. 


Fia.  403. —  Gorge  of  the  AJbula  Rive 
Bcrkiiiii  in  the  Eugadiae,  cut  thniugli 
bar  by  the  river  which  ha«  Bucoeeded 
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found  by  the  hundred  in  every  glaciated  mountain  district,  impart- 
ing to  it  one  of  the  greatest  of  its  scenic  charms. 


Flo.  406.  —  Character  profijr 


The  character  profiles  which  result  from  sculpture  by  mountain 
glaciers.  —  The  lines  which  are  repeated  in  landscapes  carved  by 
mountain  glaciers  are  easy  to  recognize  (Fig.  405).  The  highest 
horizon  lines  are  the  outlines  of  horns  which  are  separated  by  cola. 
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1 


lacking  the  lighter  background  of  the  eky,  we  make  out  wHb  loi 
distinctness  the  U-valley,  either  with  or  without  the  albetosbvw 
that  the  sculpturing  process  has  been  interrupted  by  uplift. 

The  sculpture  accomplished  by  ice  caps.  —  In  the  case  o(  in 
caps,  the  only  rock  exposed  is  found  in  the  neighborhood  of  tk 


Fio.  407.  — Two 


BtagcB  in  the  ahapiog  ol  ttmii 


•margin  —  the  projecting  islands  known  as  nunataks.    It  is  »■ 
L&ential  for  the  existence  of  the  ice  cap  that  the  rock  base  shoutd 
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lave  relatively  slight  irregularities  compared  to  the  dimensions  of 
the  cap  itself.  Except  in  very  high  latitudes  this  base  must  be 
somewhat  elevated,  for  like  mountain  glaciers  ice  caps  are  nour- 
'ished  by  the  surface  air  currents,  and  their  snows  are  deposited 
labove  the  snow  Hue. 

,  The  Norwegian  tind  or  beehive  mountain.  —  Within  temperate 
[or  tropical  climes  the  snow  line  lies  so  high  that  only  the  loftier 
mountains  are  able  to  support  glaciers.  It  follows  that  those 
Iwhich  are  formed  flow  upon  relatively  high  grades  with  corre- 
spondingly high  rate  of  movement  and  increased  cutting  power. 
Within  high  latitudes  the  snow  is  found  nearer  the  sea  level,  and 
glaciers  are  for  the  most  part  correspondingly  sluggish  in  their 
piovements  as  well  as  less  active  denuding  agents. 
I  To  this  condition  characteristic  of  high  latitude  glaciera,  there 
is  added  in  Norway  another  in  the  peculiar  shape  of  the  basement 
beneath  the  recent  and  the  still  existing  glaciers.  The  plateau  of 
Norway  is  intersected  by  a  network  of  deep  and  steep  walled  fjords, 
and  the  glaciers  have  developed  as  small  ice  caps  perched  upoH 
|Veritflble  pedestals  of  rock,  over  the  margins  of  which  their  out- 
Jet  tongues  of  ice  descend  on  steep  slopes  into  the  fjord.  The  tops 
'ni  the  pedestals  thus  come  to  be  shaped  by  the  plucking  and  abrad- 
ing processes  into  flat  domes  (Fig.  406),  while  the  knobs  of  rock, 
^hich  as  nunataks  reach  above  the  surface  of  the  ice,  divide  the 
[OutSowing  ice  tongues  at  the  margin  of  the  pedestal.  These 
■tongues  being  much  more  active  denuding  agents,  because  of  their 
Ipteep  gradients,  continually  lower  their  beds,  thus  transforming 
[the  earlier  knobs  of  rock  into  high  and  steep  mountains  of  more  or 
less  circular  base.  Such  "  beehive  "  mountains  upon  the  mar^ns 
nf  the  fjords  are  the  characteristic  Norwegian  linds  (Fig.  407). 
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CHAPTER  XXVII 


SUCCESSIVE  GLACIER  TYPES  OF  A  WANING 
GLACIATION 

Transitioii  from  the  ice  cap  to  the  mountdn  Racier.  —  A  study 
existing  glaciers  leads  inevitably  to  the  conclusion  that  aJthou^ 
}ject  to  short  period  advances  and  retreats,  yet,  broadly  speak- 


^^*''**"^  Gt-ACXftS         ^B^f^esHOe 

1.  408.  —  Schematic  dlBsram  to  sliow  the  relatioosbips  of  glacier  tsrpea  formed 
in  succeimoD  during  a  receding  hemicycle  of  gladatjoii. 

5,  glaciers  are  now  gradually  wasting  away,  surrounded  by  wide 
eas  upon  which  are  the  evidences  of  their  recent  occupation. 
e  are  thus  living  in  a  receding  hemicycle  of  glaciation. 
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Many  mountain  districts  which  now  support  small  glaciers  oi 
or  none  at  ail,  were  once  nearly  or  quite  submerged  beneath  snow 
and  ice.  If  once  covered  by  an  ice  carapace  or  cap,  our  present 
interest  in  tiiem  begins  at  that  stage  of  the  receding  hemicjcle 
when  the  rock  surface  has  made  its  reappearance  above  the  surface 
of  the  snow^ice  mass.  At  this  stage  intensive  frostwork,  the  chura(y 
teristic  high  level  weathering,  be^ns,  and  cirques  develop  above 
the  scars  of  those  earlier  amphitheaters  formed  in  the  advancing 
hemicycle. 

The  piedmont  glacier,  —  In  this  early  stage  of  transition  from 
the  ice  cap  to  the  mountain  glacier,  the  ice  Hows  outward  to  ite 
mountain  front  in  ill-defined  streams  divided  by  the  projecting 
ridges,  and  upon  reaching  the  mountain  front  these  streams  dejdoy 
upon  it  so  as  to  coalesce  in  a  great  stagnant  ice  apron  whose  upper 
surface  slopes  gently  forward  at  an  angle  of  a  few  degrees  at  the 
most  (Fig.  408,  stage  1),     This  is  the   ■pUdmonl  glacier,  a  type  J 


¥ 


found  to-day  in  the  high  latitudes  of  Alaska  and  in  the  ; 
Andes  (Fig.  409  and  pi.  18  B). 

During  this  stage  the  cirques  may  be  but  poorly  defined,  ttA 
ice  flows  in  both  directions  from  rock  divides  so  that  the  strmna 
transect  the  range,  and  later,  after  the  glaciers  have  disappeared, 
may  expose  a  pass  smoothed  and  polished  upon  its  floor  and  tritli 


ta.  410.  —  Map  i>f  the  Baltoro  tiaaer  of  tbo 
HimaiHyns,  a  typical  fender  of  the  dendritic 
lypp. 
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stris  directed  in  opposite  directions  from  the  highest  point.  The 
pass  of  the  Grimsel  in  Switzerland  fumisbes  an  excellent  illustra- 
tion of  such  earlier  transection  of  the  range. 

The  expand ed-foot  glacier.  —  As  air  temperatures  continue  to  be- 
come milder,  the  glacier  streams  within  the  mountains  are  less  deep 
and  hence  more  clearly 
defined,  and  instead  of 
coalescing  u  pon  the  moun- 
tain foreland,  they  now 
issue  from  the  mountains 
to  form  individual  aprons 
and  are  described  as  cx- 
panded-foot  glaciers  (Fig. 
408,  stage  II,  and  Fig. 
292,  p.  264). 

The  dendritic  glacier. 
—  Still  later  in  the  hemicycle  nourishment  of  the  glaciers  is  di- 
minished as  depletion  from  melting  increases,  so  that  the  glacier 
streams  no  longer  reach  to  the  mountain  front.  Branches  con- 
tinue to  enter  the  main  valley  from 
the  several  side  valleys  like  the  short 
branches  of  a  tall  tree,  and  l)ecause  ot 
this  arrangement  such  a  glacier  ms 
be  described  as  a  dendritic  glai 
(Fig.  408,  stage  Hi,  and  Fig.  410). 
Inasmuch  as  the  depletion  froi 
melting  increases  at  a  rapid  rate  in' 
descending  to  lower  levels,  the  tribu- 
tary glacier  valleys  "  hanging  "  above 
the  main  valley  in  the  lower  stretches 
become  separated,  and  may  continue 
to  exist  as  series  of  banging  glacieri 
upon  either  aide  of  the  main  valley 
S^-"""'^'  ■-/i'--'^^    low  the  glacier  front  (Fig.  408,  stagiel 

''  v'-'.'^iiAiSS^  "^'  ^^^  ^'^"  *^  ^^'    ^*  "'"^'  ^  cleaxm 

'       '  "^  "  from  this  that  any  attempt  to  nameq 

Fio.  411.— Thp  Triest  Bladir,  a  each   separated  ice  stream    without 

l«Dgii.8gladeret«p»™iedfrom  ^^^^^.j  ^  j^^  relationship  must  lead 
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Flo.  412.  —  The  Harrimcui  fjord  glauier  ol  Alaska. 
B  tideWLter  variety  of  dendritic  Blacier  (otter  a 
map  by  GaonDtt] . 


is  in  such  sensitive  adjustment  to  air  temperature  that  a  fall  or  ri 
of  a  few  degrees  only  in  the  average  annual  temperature  of  the  <li^ 
t.riet  may  prove  sufficient  to  fuse  many  glaciers  Into  one  or  separate 
one  ice  mass  into  many  smaller  ones. 

When  in  high  latitudes  a  dendritic  glacier  descends  in  fjords 
to  below  the  level  of  the  sea,  it  is  attacked  by  the  water  in  the  sanie 
manner  as  are  the  outlets  of  Greenland  glaciers,  and  b  then  knuTn 
as  a  "  tidewater  Racier," 
which  may  thus  he  a 
subtj-pe  or  variety  of  the 
dendritic  glacier  (Fig. 
412). 

The  radiating  ( Alpine) 
glacier.  —  In  the  pro- 
gressive  wasliogs  of 
dendritic  glaciers,  there 
comes  a  time  when  tbar 
dendritic  outlines  give 
place  to  radiating  ones.  Attention  has  already  been  caJIed  to  the 
division  of  the  cirque  into  subordinate  basins  separated  by  small 
rock  arfitea  and  yielding  a  markedly  scalloped  border  (Fig.  394. 
p.  371).  When  the  ice  front  retires  from  the  main  valley  into  one 
of  these  mature  cirques,  the  now  wasted  ice  stream  is  broken  up 
into  subordinate  glacierets,  each  of  which  occupies  one  of  the 
basins  within  the  larger  cirque,  and  these  ice  streams 
flow  together  to  produce  a  glacier  whose  compo- 
neut  elements  radiate  like  the  sticks  within  a  lady'a 
fan  (Fig.  408,  stage  IV,  and  Fig.  413). 

The  horseshoe  glacier.  —  As  the  glacier  draws 
near  to  its  6nal  extinction,  it  is  crowded  hard 
against  the  wall  of  the  amphitheater  in  which  it 
has  so  long  been  nourished.  Up  to  this  stage  it 
has  offered  a  ewelUng  front  outwardly  convex  as  a 
direct  consequence  of  the  laws  controlling  it«flow. 
No  longer  amply  nourished,  for  the  first  time  its 
front  is  hollowed,  and  it  awaits  its  final  dissolu- 
tion curled  up  against  the  cirque  wall  (Fig.  408, 
stage  V,  and  Fig.  414).  Practically  all  the  glaciers  of  the  United 
States  and  southern  Canada  are  of  this  type. 


Pla.  413.— Uip 
otttieRotmcM 
^ooiv.  a  ndr 
atJDi  (UiiiT 
of  Bwitarrbid 
tmltaSoMmii. 
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The  above  classification  is  one  depending  directly  upon  glacier 
nourishment,  and  hence  also  upon  size,  and  upon  the  stage  of  the 
l^acial-heniicycle.  In  order  to  determine  the  type  of  any  gla- 
cier it  is  necessary  to  know  the  outlines  of  the  moimtain  valley 
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Fio.  414. — Outline  map  of  the  Asulkan  glacier  in  the  Selkirks,  a  typical  horseshoe 

glacier. 

—  its  divide  —  and  those  of  the  glacier  or  glaciers  within  it.  It 
is  likely  that  the  types  of  the  advancing  hemicycle  of  glaciation 
would  be  much  the  same,  save  only  for  the  newborn  or  nivaiion 
glacieTy  which  would  be  as  dififerent  as  possible  from  the  horse- 
shoe type,  to  which  in  size  it  corresponds.  Upon  the  continent 
of  Antarctica,  where  the  absence  of  any  general  melting  of  the  ice, 
even  in  the  summer  season  and  near  the  sea  level,  introduces  special 
conditions,  some  additional  glacier  types  are  found,  which,  how- 
ever, it  is  not  necessary  that  we  consider  here. 

The  inherited-basin  glacier.  —  It  may  be,  however,  that  gla- 
ciers have  developed,  not  upon  mountains  shaped  in  a  cycle  of 
river  erosion,  nor  yet  in  succession  to  an  ice  cap,  as  in  the  nor- 
mal cases  which  we  have  considered.    On  the  contrary,  glaciers 


may  develop  where  basins  of  one  sort  or  aaother  have  beea  I 
inherited  from  the  preceding  period.  In  such  cases  inherited  de-  I 
ttt'essions  may  become  more  important  than  the  auto-sculpture  oE  1 


FiQ.  415.  —  OuUiiw 


the  glacier.    Glaciers  which  develop  under  such  conditions  may 
be  described  as  inherited-basin  glaciera. 

A  partly  closed  basin  between  ridges  may  supply  a  collecting 
ground  for  snows  carried  from  neighboring  slopes  by  the  wind, 
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and  80  may  yield  a  broad  n6v6,  approaching  in  size  a  small  ice  cap, 
yet  without  developing  definite  ice  streams  except  upon  its  border. 
Such  a  glacier  is  the  Illecillewaet  glacier  of  the  Selkirks  (Fig.  415). 

Again  in  low  latitudes  the  high  and  pointed  volcanic  peaks 
may  push  up  beyond  the  snow  line  into  the  upper  atmosphere, 
and  so  become  snow-capped.  Definite  cirques  do  not  develop  well 
under  these  circumstances,  and  the  loose  materials  of  which  such 
peaks  are  always  composed  are  attacked  in  somewhat  irregular 
fashion  from  the  different  sides.  This  is  the  case  of  Moimt  Ranier 
and  similar  peaks  of  the  Cascade  range  of  North  America. 

Summary  of  t3rpes  of  mountain  glacier.  —  In  tabular  form  the 
various  types  of  moimtain  glacier  may  be  arranged  as  follows:  — 

MOUNTAIN  GLACIERS 

Piedmont  glacier.  Mountain  valleys  entirely  occupied  and  largrely 
submerged,  with  overflow  upon  the  foreland  to  form  a  common  ioe  apron 
through  ooalescenoe  of  neighboring  streams. 

Expanded'foot  glacier.  Valley  entirely  occupied  and  an  overflow  upon 
the  foreland  sufficient  to  produce  individual  ice  apron. 

Dendritic  glacier.  Valley  not  completely  occupied  but  with  tributary 
ioe  streams  ranged  along  the  sides  of  the  main  stream,  and  with  hanging 
glaoierets  separated  near  the  glacier  foot. 

Radiating  glacier.  Glacier  largely  included  in  a  cirque  with  subordi- 
nate glacierets  converging  below  like  the  sticks  in  a  lady's  fan. 

Horseshoe  glacier.  Small  glacier  remnants  hugging  the  cirque  wall 
and  having  an  inciuving  front. 

Inheritedrhasin  glacier.  Of  form  dependent  on  a  basin  inherited  and 
not  shaped  by  the  glacier  itself. 

Reading  Refebencb  for  Chapter  XXVII 

William  H.  Hobbs.    The  Cycle  of  Mountain  Glaciation,  Geogr.  Jour., 
vol.  37,  1910,  pp.  268-284. 


CHAPTER  XXVIII 

THE   GLACIER'S   SURFACE   FEATURES   AND  THE 

DEPOSITS   UPON   ITS   BED 


>. 
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The  glacier  flow.  —  The  downward  flow  of  the  ice  within  a 
mountain  glacier  has  been  the  subject  of  many  investigations  and 
the  topic  of  many  heated  discussions  since  the  time  when  Louis 
Agassiz  and  his  companions  set  a  line  of  stakes  across  the  Aar 

glacier  and  numbered  the  surface  bowlders  in 
preparation  for  repeated  observations.  Their 
first  observation  was  that  the  line  of  stakes, 
which  had  run  straight  across  the  glacier,  was 
distorted  into  a  curve  which  was  convex  down- 
stream (Fig.  461,  AO,  thus  showing  that  tjie 
surface  layers  have  more  rapid  motion  in  pro- 
portion as  they  are  distant  from  the  side  mar- 
gins. Summarizing  these  and  later  studies,  it 
may  be  stated  that  the  glacier  increases  its  rate 
of  motion  from  its  side  marg'm  towards  its  cen- 
ter line,  from  its  bed  upwards  towards  its  sur- 
face, and  below  the  n6v6  the  velocity  is  greatest 
where  the  fall  is  greatest  and  also  wherever  the 
cross  section  diminishes.  In  all  these  particu- 
lars, then,  the  ice  of  the  glacier  behaves  like  a 
stream  of  water.  The  average  rate  of  flow  of 
Alpine  glaciers  varies  from  a  few  inches  to  a  few 
feet  per  day,  and  is  greater  during  the  warm 
summer  season.  The  Muir  glacier  of  Alaska 
has  been  shown  to  move  at  the  rate  of  about 
seven  feet  per  day. 

In  traveling  from  the  n6v6  downward  to  the 
glacier  foot,  the  snow  not  only  changes  into 
ice,  but  it  undergoes  a  granulating  process  with  continued  increase 
in  the  size  of  the  nodules  imtil  at  the  foot  of  the  glacier  these  may 
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FiQ.  410.  —  Diagram 
toilluatrato  the  mi- 
grations of  linos  of 
Btakea  crossing  a 
glaoi<T,  due  to  its 
surfare  movemont, 
yl,  original  position 
of  lines ;  A',  later 
positions  ;  a  and  a', 
original  and  dis- 
torttvl  forms  of  a 
square  section  of 
the  glacier  surface 
near  its  margin  ;  r, 
r',  diagonal  cre- 
vasses . 
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be  picked  out  of  the  partially  melted  ice  as  articulating  balls  the 
size  of  the  fist  or  larger.  Glacier  ice  has  therefore  a  structure 
quite  dififerent  from  that  of  lake  ice,  since  the  latter  is  developed 
in  parallel  needles  perpendicular  to  the  freezing  surface. 

Crevasses  and  s^racs.  —  Prominent  surface  indications  of  gla- 
cier movement  are  found  in  the  open  cracks  or  crevasses,  which 
are  the  marks  of  its  yielding  to  tensional  stresses.  Crevasses 
are  apt  to  nm  either  directly  across  the  glacier,  wherever  there  is 
a  steep  descent  upon  its  bed,  or  diagonally,  running  in  from  the 
margin  and  directed  up-glacier  (r,  r,  r,  of  Fig.  416),  though  they 
occasionally  nm  longitudinally  with  the  glacier  when  there  is 
a  rock  terrace  at  the  side  of  the  valley  beneath  the  ice.  The 
diagonal  crevasses  at  the  glacier  margin  are  due  to  the  more 
sluggish  movement  where  the  ice  is  held  back  by  friction  upon  the 
walls  of  the  valley,  as  will  be  clear  from  Fig.  416.  The  square  a 
has  by  this  movement  been  distorted  into  the  lozenge  a\  so  that 
the  Une  xy  has  been  extended  into  xV ,  with  the  obvious  tendency 
to  open  cracks  in  the  direction  ss. 

Every  glacier  surface  below  its  n6v6  is  marked  by  steps  or 
terraces,  which  are  well  imderstood  to  overlie  corresponding  steps 
of  the  cascade  stairway  to  be  seen  in  all  vacated  glacier  valleys 
(plate  19).  The  steep  risers  of  these  steps  are  usually  marked 
by  parallel  crevasses  which  cross  the  glacier.  Under  the  rays 
of  the  sun,  which  strike  them  more  from  one  side  than  from 
the  other,  the  slices  into  which  the  ice 
is  divided  are  transformed  into  sharp- 
ened blades  and  needles  which  are 
known  as  siracs  (Fig.  401,  p.  376,  and 
Fig.  417). 

The  numerous  crevasses  tell    us  that     Fio.  417.-  Transverse  crevasses 

the  ice  is  many  times  wrenched  apart      at  the  fall  below  a  glacier  step 

during  its  journey  down  the  glacier.  transformed  by  unsymmetri- 
-_,,.,         ,  .11      ,      .     1     1  cal  melting  mto  seracs. 

This  has  been   illustrated   by  some- 
what grewsome  incidents  connected  with  accidents  to  Alpinists, 
but  as  they  illustrate  in  some  measure  both  the  mode  and  the  rate 
of  motion  of  Swiss  glaciers,  they  are  worthy  of  our  consideration. 

Bodies  given  up  by  the  Glacier  des  Bossons.  —  In  the  year 
1820,  during  one  of  the  earlier  ascents  of  Mont  Blanc,  three  guides 
were  buried  beneath  an  avalanche  near  the  Rockers  Rouges  in 
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the  n6v6  of  the  Glacier  ties  Bossons  (Fig.  418).  In  1858  Dr. 
Forbes,  who  had  measured  the  rate  of  Bow  of  a  number  of  Alpine 
glaciers,  predicted  that  the  bodies  of  the  victims  of  this  accident 
would  be  given  up  by  the  glacier  after  beii^  entombed  from  thirty- 
five  to  forty  years.     Iq  the  year  1861,  or  forty-one  years  after  the 


disaster,  the  heads  of  the  three  guides,  separated  from  their  bodies, 
with  some  hands  and  fragments  of  clothing,  appeared  at  the  foot 
of  the  Glacier  des  Boasons,  and  in  such  a  state  of  preser^-ation  th.^t 
they  were  easily  recognized  by  a  guide  who  had  known  them  in 
life.  Inasmuch  as  these  fragments  of  the  bodies  had  requirwi 
forty-one  years  to  travel  in  the  ice  the  three  thousand  metcrf 
which  separate  the  place  of  the  accident  from  the  foot  of  the 
glacier,  the  rate  of  movement  was  twenty  centimeters,  or  eight 
inches,  per  day. 

Various  separated  parts  of  the  body  of  Captain  Arkwright,  who 
had  been  lost  in  1866  upon  the  n6v&  of  the  same  glacier,  reaV 
peared  at  its  foot  after  entombment  in  the  ice  for  a  period  of  thirty- 
one  years.  To-day  the  time  of  reappearance  of  portions  of  the 
bodies  of  persons  lost  upon  Mont  Blanc  is  rather  acctirately  pn^ 
dieted,  BO  that  friends  repair  to  Chamonix  to  await  the  giving  up 
of  its  victima  by  the  Glacier  des  Bossons. 
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e  noraiaes.  —  The  horns  and  comb  ridges  which  rise  above 
'lacier  surface  are  continually  subject  to  frost  weathering, 
rom  time  to  time  drop  their  separated  fragments  upon  the 
T.  Falling  as  these  do  from  considerable  heights,  they  reach 
3e  under  a  high  velocity,  and  rebounding,  sometimes  travel 
tut  upon  its  surface  before  coming  to  a  temporary  rest.  Upon 
sh  snow  surface  of  the  n6v6  their  tracks  may  sometimes  be 
red  with  the  eye  for  considerable  distances,  and  their  fall 
constant  menace  to  Alpine  climbers.  Below  the  a6v6  the 
r  number  of  such  f  rag- 
s  remain  near  the 
and  the  lines  of  How 
e  ice  within  the  gla- 
lurface  are  such  that 
s  which  reach  points 

er  out  upon  the  gla-  Fifi.41!>.  —  LiacB  of  flow  upon  ihBsurfaeeot  the 
ire  later  gathered  in  Hi''t«eiBl«n>''r8ladermtheAlps{af«rHo»). 
ith  the  cliff  at  the  side  (Fig.  419).  The  ridge  of  angular  rock 
a  which  thus  forms  at  the  side  of  the  glacier  is  called  a 
I  moraim  (see  Fig.  411,  p.  385,  and  Fig.  420). 

At  the  junction  of  two  glacier 
streams,  the  lateral  moraines  are  joined, 
and  there  move  out  upon  the  ice  sur- 
face of  the  resultant  glacier  as  a  medial 
moraine.  Thus  from  the  number  of 
medial  moraines  upon  a  glacier  sur- 
face it  is  possible  to  say  that  the  im- 
portant tributary  glaciers  number  one 
more  {Fig.  420). 

The  plucking  and  abrading  processes 
in  operation  beneath  the  glacier,  quarry 
the  rock  upon  its  bed,  and  after  shap- 
ing and  smoothing  the  separated  rock 
M.— Lntcral  and  medial  fragments,  these  are  incorporated  wJth- 
ioes  of  thG  Mn-  dc  glace  jj,  jijg  lower  lavers  of  the  ice  as  engUi- 
ila  tributary  ice  BlrearoB.  .   ,  i      1,1    ■         t  t  1.1 

aal  rock  debris.     In  spaces  favorable 

I  accumulation,  a  portion  of  this  material,  together  with  much 
debris  and  rock  flour,  is  left  behind  as  a  ground  moraine 
the  bed  of  the  glacier  (see  Fig.  421). 
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At  the  foot  of  the  glacier  the  relatively  angular  rock  ( 
which  has  been  carried  upon  the  surface,  and  the  soled  and  p 
englaciai  material  from  near  the  bottom,  are  alike  depositc 
common  marginal  ridge  known  as  the  terminal  or  end  i 
(plate  21  B). 

Selective  melting  upon  the  glacier  surface.  —  The  white  s 
face  of  the  glacier  generally  reflects  a  large  proportion  of  t 


nd  other  peouliarities  cbankcleristJe  of  tbe  surftice  ot  Uw  bi 

rays  which  reach  it,  and  its  more  rapid  melting  is  largely  e 
plished  through  the  agency  of  rock  fragments  spread  upM  Bf 
surface.  Such  fragments,  however,  promote  or  retard  the  nwhaig 
process  in  inverge  proportion  to  their  size  up  to  a  eeTtaiu 


Pla.  432.  — Frasraeata 


Ldyerrwtrmed  by  Mn,. 

■k  o<  different  oiBS,  lo  brioB  out  tllW  diflercot 

eSecto  ui>OD  the  mdtiiiij  ut  tbe  slocier  surtiLoe. 


I  The  t^rnliuul  luiniiine  ut  tin-  foot  of  a  mouutmii  glai.-»T  (afl.T  tifornu  KiNnpy). 
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and  above  that  size  their  action  is  always  to  protect  the  glacier 
from  the  sun.     This  nice  adjustment  to  the  size  ot  the  rock  frag- 
ments will  be  clear  from  examination  of  Fig.  422,  for  rock  is 
poor  conductor  of  heat,  and  in  even  the  longest  summer  day 
thin   outer  layer  only   ia   appreci- 
ably warmed.     Large  rock  blocks, 
grouped  in  the  medial  and  lateral 
mormnes,  hold  back  the  process  of 
towering  the  glacier  aurface  during 
the  Eummer,  so  that   late   in   the 
eeason  these  moraines  stand  fifty 
feet  or  more  above  the  glacier  as 
armored  ice  ridges. 

Isolated  and  large  rock  slabs,  a^ 
the  season  advances,  may  come  to 
form  the  capping  of  an  ice  pedestal 
which  they  overhang  and  are  known 
as  glacier  tables  (Fig.  423).  Such 
tables  the  sun  attacka  more  upon  one  side  than  upon  the  other, 
so  that  the  slab  inclines  more  and  more  to  the  south  and  may 
eventually  slip  down  until  its  edges  rest  against  the  glacier  sur- 
face. Rounded  bowlders,  which  lens  frequently  become  perched 
upon  ice  pedestals,  may,  from  a  similar  process,  slide  down  upon 
the  southern  side  and  leave  a  pyramid  of  ice  furrowed  upon  this 
aide  and  known  as  an  ice  pyramid. 

Fine  dirt  when  scattered  over  the  glacier  surface  is,  on  the  other 
hand,  most  effective  in  lowering  its  level  by  melting.  Use  waa 
made  of  this  knowledge  to  lower  the  great  drifts  of  snow  which 
had  to  be  removed  each  season  during  the  construction  of  the 
new  Bergen  railway  of  southern  Norway.  Each  dirt  particle, 
being  warmed  throughout  by  the  aun's  rays,  melts  its  way  rapidly 
into  the  glacier  surface  until  the  dust  well  which  it  has  formed  is 
so  deep  that  the  slanting  rays  of  the  sun  no  longer  reach  it.  When 
the  dirt  particles  are  near  together,  the  thin  walls  which  separate 
the  dust  wells  are  attacked  from  the  aides  in  the  warm  air  of  sum- 
mer days,  thus  producing  from  a  patch  of  dirt  upon  the  glacier 
surface  a  balk  tub  (Fig.  424  d).  At  night  the  water  which  fills  these 
basins  is  frozen  to  form  a  lining  of  ice  needles  projecting  inward 
from  the  wall,   and  this,   repeated   in  succeeding  nights,   may 
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entirely  close  the  basin  with  water  ice  and  produce  the  fan 
glacier  star  (Fig.  424  c). 

If  the  dirt  upon  the  glacier  surface,  instead  of  being  scattCTed, 
is  so  disposed  as  to  make  a  patch  completely  covering  the  ice  to 


".mnppT 


Fiu.  434.  —  Effects  of  differential  melting  aiid  subsequent  refreenng  upon  Ih* 
gladpr  surftwe.  a.  dust  wella ;  b.  elacier  tub  produced  by  mQltiag  about  a  group  iJ 
spattered  dust  partieles ;  c,  glacier  atnr  produned  when  ihe  iDclosctd  water  nS  ihi 
^adcr  well  has  froieo  in  successive  nights:  d.  "bath  tub." 

the  thickness  of  an  inch  or  more,  the  effect  is  altogether  diJTereQl. 
Protecting  as  it  now  does  the  ice  below,  a  local  ice  hillock  rise* 
upon  its  site  as  the  surrounding  surface  is  lowered,  and  as  ttat 


grows  in  height  its  declivities  increase  and  a  portion  of  the  dirt 
slides  down  the  side.  The  final  product  of  this  shaping  is  iin 
almost  perfectly  conical  ice  hill  encased  in  dirt  and  known  as  » 
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dS>ria,  sand,  or  dirt  cone  (Fig.  425).  The  novice  in  glacier  study 
is  apt  to  assume  that  these  black  cones  contain  only  dirt,  but  is 
rudely  awakened  to  the  reality  when  be  attempts  to  kick  them  to 
pieces.  Both  glacier  tubs  and  debris  cones  may  assume  large 
dimensions ;  as,  for  example,  in  Alaska,  where  they  may  be  properly 
described  as  lakes  and  hills. 

A  patch  of  hard  and  dense  snow  which  is  less  easily  melted 
than  that  upon  which  it  rests  may  lead  to  the  formation  of  snow 
cones  upon  the  glacier  surface  similar  in  size  and  shape  to  the 
better  known  debris  cones.  Such  cones  of  snow  have,  with 
doubtful  propriety,  been  designated  "penitents,"  for  it  is  pretty 
clear  that  the  interesting  bowed  snow  figures,  which  really  re- 
semble penitents  and  which  were  first  described  from  the  southern 
Andes  under  the  name  of  nieves  penilenies,  are  of  somewhat  dif- 
ferent character. 

One  further  ice  feature  shaped  by  differential  melting  around 
rock  particles  remains  to  be  mentioned.  Wherever  the  seasonal 
snowfalls  of  the  n^vfi  are  exposed  in  crevasses,  they  are  generally 
found  to  be  separated  by  layers  of  dirt,  and  lines  of  pebbles  simi- 
larly separate  those  ice  layers  which  are  revealed  at  tho  foot 
of  the  glacier.  In  either  case,  if  the  sun's  rays  can  reach  these 
layers  in  an  opened  crevasse,  the  half-buried 
rock  fragments  are  warmed  by  the  sun  upon 
their  exposed  surfaces  and  slowly  melt  their 
way  down  the  ice  surface,  thus  removing  from 
it  a  thin  layer  of  snow  or  ice  and  causing  that 
part  above  the  pebble  layer  t«  project  like 
a  cornice.  This  process  will  go  on  until  the 
overhangmg  cornice  protects  the  pebbles  from 
any  further  warming  by  the  sun,  but  each 
lower  pebble  layer  that  is  reached  by  the  sun 
will  produce  an  additional  cornice,  so  that 
the  original  surface  may  at  the  bottom  have 
been  retired  by  the  process  a  number  of  inches.  These  features 
are  describetl  as  glacier  cornices  (Fig.  426). 

Glacier  drainage.  —  Already  in  the  early  morning  of  every 
warm  summer  day,  active  melting  has  begun  upon  the  surface  of 
the  Swiss  glaciers.  Rills  of  icy  water  soon  make  their  way  along 
depressions  upon  the  surface,  and  are  joined  to  one  another  so  that 


Fio.  4:!6.  —  Sehemalic 
diagram  to  sbow  ihc 
manner  of  formatioD 
ot  glacier  poraices. 
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tbey  sometimes  form  brooks  of  considerable  size  (Fig  427)  8adi 
8treamB  continue  their  serpentme  courses  until  these  are  inter 
sected  by  a  crevasse  down  which  the  waters  plunge  in  a  whirlmg 
vortex  which  soon  develops  a  vertical  shaft  of  circular  section 
within  the  ice  Such  shafts  with  their  descending  columna  of 
whu-lu^  water  are  the 
well  known  moulxni 
or  nulla  which 
may  be  detected  from 
a  distance  by  their 
gorging  sounds  Tbe 
first  plunge  of  the 
water  may  not  reach 
to  the  bottom  of  tbe 
Racier  m  which  case 
the  stream  finds  a 
passageway  below  tbe 
surface  but  above  the 
floor  until  another 
crevasse  is  encountered  and  a  new  plunge  made,  here  perhaps  to 
the  bottom.  Once  upon  the  valley  floor  the  stream  is  joined  by 
others,  and  pursues  its  course  within  an  ice  tunnel  of  its  own 
making  (Fig.  421,  p.  394)  until  it  issues  at  the  glacier  front. 

The  coarser  of  the  rock  dfibris  which  was  gathered  up  by  the 
stream  upon  the  glacier  surface  is  deposited  within  the  tunnel  in 
imperfect  assortment  (gravel  and  sand),  while  all  finer  material 
and  that  lifted  from  the  floor  (rock  flour)  is  retiuned  in  suspension 
and  gives  to  the  escaping  stream  its  opaque  white  appearance. 
Tliis  glacier  milk  may  generally  be  traced  far  down  the  valleys  or 
out  upon  the  foreland,  and  is  often  the  traveler's  first  indication 
that  a  range  which  he  is  approaching  supports  glaciers. 

Deposits  within  the  vacated  valley.  —  For  every  excavation 
of  the  higher  portions  of  the  upland  through  glacial  sculpture, 
there  is  a  corresponding  deposit  of  the  excavated  materials  in 
lower  levels.  So  far  as  these  materials  are  deposited  directly  by 
the  ice,  they  form  the  lateral,  medial,  ground,  and  terminal  mortunes 
already  described.  A  considerable  proportion  of  them  are,  how- 
ever, deposited  by  the  water  outside  tbe  terminal  moraine;  but 
u  with  the -shrinking  glacier  the  ice  front  retires  in  halting  move- 
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B  over  the  area  earlier  ice-covered,  the  terminal  a 
raaged  along  the  vacated  valley  as  recessional  moraines,  each  with 
a  valley  train  of  outwaeh  below.  About  the  apron  of  the  piedmont 
glacier,  such  deposits  are  particularly  heavy  (Fig.  428).     During 


Flo.  42S. 

lias  (after  Peack). 

the  "ice  age  "  the  Swiss  glaciers  extended  down  the  valleys  below 
the  existing  ice  remnants  and  spread  upon  the  Swiss  foreland  as 
great  piedmont  glaciers  such  as  may  now  be  seen  in  Alaska.  To- 
day we  find  there  moraines  and  glacial  outwash,  a  lake  in  the 
middle  of  the  apron  site,  and  sometimes  a  group  of  radiating  drum- 
lins  like  those  found  within  the  ice  lobes  of  the  continental  glacier 
in  southern  Wisconsin  (Fig.  429,  and  Fig.  344,  p.  317). 
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Fig.  420.  —  MoniiiiOB  Bod  dnimlina  about  Liika  CoOBtance  upon  the  sitfi  of 
earlier  piedmont  glacier  of  the  Upper  Rhine.  The  white  iircH  outaide  the  m 
moat  moraine  is  buried  in  glacial  outaasb  [after  FeQek  ood  BrQckuer). 
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Behind  the  recessional  moraines  witliin  the  glaciat«c)  valley  i 
found  the  valley  moraine  lakes  (Fig.  448,  p.  413},  in  assocUtioii 
with  the  rock  basin  lakes  due  to  glacial  sculpture  (Fig.  447,  p.  412). 
After  the  glacier  has  vacated  its  valley,  the  precipitous  side  walk 
become  the  prey  of  frostwork  and  are  the  scenes  of  disastrous 
avaJanches  or  landslides.  Within  the  cirques,  drifts  of  snow  are 
nourished  long  after  the  ice  has  disappeared,  and  as  a  oonsequetiee 
the  amphitheater  walls  succumb  to  the  process  of  solifiunon 
(p.  153). 

Diversions  and  reversals  of  drmnage,  which  are  bo  charactcristB 
of  the  work  of  continental  glaciers,  are  hardly  less  common  lo 
glaciated  mountain  districts.  Many  of  our  most  beautiful  water- 
falls have  resulted  from  either  the  temporary  or  penunneDt  ob- 
struction of  earlier  vallej-s  above  the  falls.  The  famous  Yosemite 
Falls  offers  an  interesting  illustration  of  the  shifting  of  aa  rurlier 
waterfall,  itself  no  doubt  due  to  ice  blocking  in  a  still  earlier  glacia- 
tion  (plate  22  B). 

Marks  of  the  earlier  occupation  of  mountains  b;  glaciers.  — 
It  is  well  that  we  should  now  bring  together  within  a  smull  <'om|iaes 
those  evidences  by  which  the  existence  of  earlier  mountain  glaciers 
may  be  proven  in  any  district.  These  marks  are  so  deeply  stamped 
upon  the  landscape  that  no  one  need  err  in  their  interpretatioa. 

MARKS    OF  MOUNTAIN   GLACIERS 

High-levd  enilplure.     The  grooved  upland  wiUi  its  cirques,  or  the  O 
upland  with  its  cirques,  cols,  horns,  and  comb  ridgea. 

Low-level    sculplure.      The    U-abaped    main   valley,    tJie    hAngioE   ^^ 
valleys  with  their  ribbon  falls,  the  glacier  staircase  with  its  rock  baus«| 
gorges,  the  rounded,  polished,  and  striated  ruck  floor. 

DepoHU.     The  recessional  moraines  of  till  and  the  valley  t 
sand  and  gravel,  the  soled  erratic  blocks  derived  aJways  t 
levels  of  the  valley. 

Lakes.     The  vfdlej  moraine  lakes  and  the  chains  of  rook  ba 

RBAniNG  Reperenceb  fob  Chapter  XXVIII 
Qlacier  movement :  — 
L.  Aqashiz.    Nouvelles  Etudes  et  Experiences  aur  les  Qlaaien  J 

eto.,  Paris,  1847,  pp.  43.5-639. 
H.  He88.     Die  Oletscher,  Braunschweig.  1904.  pp.  1 15-150. 
H.  F.  Rbio.     The  Mechanics  of  Qlaciers,  Jour.  Qeol.,  vol.  4,  1806,  p 
928;    Glacier  Bay  and  Its  Glaciers,  16th  Ann.  RepL  XJ.  f 
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CHAPTER  XXIX 
A  STUDY   OF  LAKE  BASINS 

Freshwater  and  saline  lakes.  —  Lakes  require  for  their  exist- 
ence a  basin  within  which  water  may  be  impounded,  and  a  supply 
of  water  more  than  sufficient  to  meet  the  losses  from  seepage  and 
evaportdion.  If  there  is  a  surplus  beyond  what  is  needed  to  meet 
these  losses,  lakes  have  outlets  and  remain  fresh;  their  content 
of  mineral  matter  is  then  too  slight  to  be  detected  by  the  palate. 
If,  on  the  other  hand,  supply  is  insufficient  for  overflow,  continued 
evaporation  results  in  a  concentration  of  the  mineral  content  of 
the  water,  subject  as  it  is  to  continual  augmentation  from  the  in- 
flowing streams. 

As  we  have  seen,  there  are  in  areas  of  small  rainfall  special 
weathering  processes  which  tend  to  bring  out  the  salts  from  the 
interior  of  rock  masses,  these  concentrated  salts  generally  first 
appearing  as  a  surface  effiorescence  which  is  ultimately  transferred 
through  the  agency  of  wind  and  cloudburst  to  the  characteristi- 
cally saline  desert  lakes. 

Lake  basins  may  be  formed  in  many  ways.  Depressions  of 
the  land  surface  may  result  from  tectonic  movements  of  the  crust ; 
they  may  be  formed  by  excavating  processes ;  but  in  by  far  the 
greater  number  of  instances  they  result  from  the  obstruction  in 
some  manner  of  valleys  which  were  before  characterized  by  uni- 
formly forward  grades.  In  relatively  few  cases  loose  materials 
are  heaped  up  in  such  a  manner  as  to  produce  fairly  symmetrical 
basins. 

Newland  lakes.  —  On  land  recently  elevated  from  the  sea, 

basins  of  lakes  may  be  merely  the  inherited  slight  irregularities 

of  the  earlier  sea  floor,  in  which  case  they  may  b^  assumed  to  be 

largely  the  result  of  an  irregular  distribution  of  deposits  derived 

from  the  land.     Lakes  of  this  type  are  especially  well  exhibited 

in  Florida,  and  are  known  as  newland  lakes  (Fig.  430).     Such 

lakes  are  exceptionally  shallow,  and  are  apt  to  have  irregular  out- 
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the  charaateriotjca  of  imrlaBd  Un 

Badn-range  lakes.  —  Newland  lakes  may  be  said  to  ha^-e  thar 
origin  in  an  uplift  of  the  land  and  sea  floor  near  their  puminon 
niivrgin.  A  lake  type  dependent  upon  movements  of  the  eartb'scrust 


Flo.  431.  — Viewof  the  WvaerLokoa,  Oregnn  (afler  Riuaelt). 


but  within  interior  areas  has  been  described  as  the  ba»n-nuig? 
type  and  is  exemplified  by  the  Warner  Lakes  of  Oregon.    Id  Ua» 
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district  great  rectangular  blocks  of  the  earth's  crust,  which  in  t 
upper  portions  at  least  are  compOBed  of  basaltic  lavas,  have  u 
gone  vertical  adjustments  in  level  and  have  been  tilted  so  thaj 
the  correaponding  comers  of  neighboring  blocks  have  been  given 
a  amilar  degree  of  down- 
tilt    (Fig.    431).      Lakes 
formed  in  this  way  are 
of  triangular  outline,  are 
bounded     on     the     two 
shorter    sides    by    cliffs, 
but  have  extremely  flat 
shores  on    their   longest 
side.    From  this  shore  the 
water  increases  gradually 
in  depth  and   attains  a 
maximum   depth    at    or 
near  the  opposite  angle. 
Such  lakes  naturally  be- 
tray a  tendency  to  appear 

in  series  (Fig,  432),  and  are  unfortunately  much  too  often  illui 
trated  on  a  small  scale  after  a  shower  by  the  tilted  blocks  < 
imperfectly  made  cement  sidewalks. 

Hift-valley  lakes.  —  Another  type  of  lake  basin  which  has  it^ 
ori^  in  faulted  block  movements  is  known  as  the  rift-valley  laka J 


■iii^ap^st^ 


Pra.  433.  — SrhemiatiR  diagranu  of  rift-vaUey  lakes,  anil  the  rift  vEdley  of  the  Jor 
with  the  Dead  Sea  aod  the  Sea  of  Galilee  lu  rcmiiaDb!  at  a  larger  lake  in  whiol 
their  basins  were  iiicluded. 

and  is  best  exemplified  by  the  great  lakes  of  east  Central  Africa.'! 
In  this  type  a  strip  of  crust,  many  times  as  long  as  it  is  wide,  bai 
been  relatively  sunk  between  the  blocks  on  either  side  so  as  t 
produce  a  deep  rift,  or  what  in  Germany  is  known  as  a  Ora&enl 
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(trench).     Such  a  basin  when  occupied  by  water  yields  a  lake  wluch 
is  long,  straigtit,  deep,  and  narrow,  and  is  in  addition  boundcil  oa 

the  sides  by  stepp  rock  cliffs.     At  the  ends  tbe 

shores  are  generally  by  contrast  decidedly  low. 
If  the  hard  rock  at  the  bottom  of  the  lake 
could  be  examined,  it  would  be  found  to  be  o( 
the  same  type  as  that  exposed  near  the  top  rf 
the  side  cliffs.  The  valley  of  tbe  Jordan  in 
Palestine  is  a  rift  of  this  chara(.-ter  tad  wmA 
one  time  occupied  by  a  long  and 
of  which  the  Dead  Sea  and  the  Sea  of 
are  the  existing  remnants  (Fig.  433). 

One  of  tbe  most  striking  examples  of  B 
valley  lake  is  Lake  Tanganyika,  while  AXbei 
Nyanza,  Nyassa,  and 
Rudolf    in    the    same 
region    are   similar 
(Fig.  434). 

Earthquake  lakes.  — 
The  complex  adjust- 
ments in  level  of  the 
surface  of  the  ground 
at  the  time  of  sensible 
earthquakes  are  many 
of  them  made  apparent  in  no  other  way 
than  by  the  derangements  of  the  surface 
water.  This  is  at  such  times  impounded 
either  in  pools  or  in  broad  lakes,  which 
inasmuch  as  they  date  from  known  earth- 
quakes have  been  called  "  earthquake 
lakes,"  even  though  in  a  strict  sense  any 
lake  which  has  originated  in  earth  move- 
ments might  properly  be  regarded  as  an 
earthquake  lake.  To  avoid  unnecessary 
confusion,  the  term  must,  however,  be  re- 
stricted to  those  lakes  which  are  known  to 
have  been  formed  at  the  time  of  definite  earthquakes  (Fig,  435). 
Reelfoot  Lake  in  Tennessee,  which  in  late  years  has  aoqutred 
undesirable  notoriety  because  of  the  feuds  between  tbe  fiabernMO 


Fio.  434. —  Mnp  show- 
ing the  rifl- valley 
laksB  of  ooat  Central 


lakrn  whi'^  won  fnniinl 
in  the  ttatxi  pUiii  ol  ife 
lower  Miamsatppi  diinec 
the  enrthiniake  of  1811 
<all«r  Hiunphreyi). 
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Ee  district  and  the  constituted  authorities,  is  a  lake  more  than 
twenty  miles  across  and  came  into  existence  during  the  great 
Earthquake  of  the  lower  Mississippi  valley  in  1811. 
{  Crater  lakes.  —  The  craters  of  volcanic  mountains  ore  natural 
basics  in  which  surface  waters  are  certain  to  be  collected,  provided 
pnly  the  supply  is  sufficient  and  seepage  into  the  loose  materials  Is 


436  —V  ew  of  lake  m  Foag  Crater    □  f   eta  Rica,  i 

a  half  a  mile  »crOBi  and  with  WtJla  SOO  feet  deep.     At  iDtervaJs  there  is  an 
I   tgectioD  of  ateam  mixed  with  mud  and  aah  after  the  manner  of  a  geytei  (after 
[.  Pittier]. 

^ot  excessive.     Some  craters,  still  visibly  more  or  less  active,  are 
>ccupied  by  lakes  (Fig,  436), 

In  the  larger  number  of  cases  in  which  craters  become  occupied 
Iby  lakes,  the  evidence  of  continued  activity  is  lacking,  and  it  would 
appear  in  such  cases  that  the  lava  of  the  chimney  had  consolidated 
tmto  a  volcanic  plug,  closing  the  bottom  of  the  crater.  Notable 
'groups  of  crater  lakes  are  the  Caldera  of  the  Roman  Campagna 
(Fig.  437)  and  the  so-called  maare  of  the  Eifel  about  the  Lower 
Crater  lakes  are  easy  to  recognize  by  their  circular  plan. 
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their  steep  walls  of  volcanic  materials,   and  their  considc 
deptb  with  a  maximum  near  the  center. 

One  of  the  most  remarkable  of  these  water^Ied  basins  is  Crater 
Lake  in  Oregon,  which  has  a  diameter  of  about  six  miles  a 


Fia.  437.  —  DiagrHtaB  to  illuatrste  the  oharacteriatics  of  crater  lake*.     The  Bona 
Campagna  is  a  plain  fonned  of  voIchdic  aah,  with  Che  ciatcr  lakee  ot  BnoQuu. 

Vipo,  and  Bolseno  arranged  qn  a  line  traversliiB  it. 

believed  to  have  resulted  from  the  incaving  of  a  peaX,  volcaiuc 
cone  in  the  latest  stage  of  its  activity.  This  remarkable  feature 
has  DOW  been  made  a  national  park  and  will  soon  be  conveniently 
reached  by  tourists  and  counted  one  of  the  greatest  nature  wonders 
of  the  Pacific  slope. 

CouUe  lakes.  —  Far  more  important  as  lakes  are  those  volc&oie 
basins  which  arise  from  the  flow  of  a  stream  of  lava  across  the  val- 
ley of  a  river  so  as  to  impound  it» 
waters  {Fig.  438). 

At  the  time  of  the  great  erup- 
tion under  Skaptar  JokuU  in  1T83 
the  river  Skaptar  and  many  irf 
its  tributaries  were  blocked  by 
the  flow  of  lava,  which  it  is  esti- 
mated exceeded  in  bulk  the  taaat 
of  Mont  Blanc, 

Morainal  lakes.  —  As  we  hkn 

learned,  the  obstnictJon  of  dr^b* 

age,  due  to  the   distributioa  of 

rock  debris  by  continental  ^toAea, 

has  yielded  lakes  in  almost  countless  numbers.     Probably  niaely 

per  cent  or  more  of  the  known  lakes  have  had  this  origio,  and  the 


iiu.  ii^.  —  View  oi Snag  Lake. a eou/^f 
lake  with  lava  dam  sbown  in  middle 
distance  {alter  Fuirbanka). 


t' STUDY  OF  LAKE  BASINS 

^pe  is  60  common  within  the  once  glaciated  regions  that  it  foi 
perhaps  the  best  distinguishing  mark  of  former  glaciation.  The- 
bummocky  surface  of  morainai  deposits  is  so  characteristic  that 
the  lakes  of  this  type  are  never  very  large  and  are  correspondingly 
irregular  in  outline.  They  have  often  numerous  islands,  and  their 
banks  are  formed  of  the  combination  of  rock  flour  and  ice-worn  mar*' 
terials  known  as  till  (Fig.  439).  The  smallest  of  the  morainai 
lakes  are  mere  kettles  on  the  marginal  moraine,  and  these  rapidly 


I 


become  replaced  by  peat  bogs.  In  contrast  with  pit  lakes,  m( 
rainal  lakes  lack  the  steep  surrounding  slopes  and  the  encircli 
plain. 

Pit  lakes.  —  The  so-caJIed  pit  lakes  have  their  origin  in  con- 
tinental glaciation,  and  are  found  in  groups  within  broad  pli 
of  glacial  outwash  (mainly  sand  and  gravel),  which  are  for  this 
reason  described  as  "pitted  pliuns  "  (see  p.  314).  Those  areas 
which  lay  between  neighboring  lobes  of  the  ice  sheet  were  subject 
to  particularly  heavy  deposits  of  outwash  material,  and  are,  in;] 
consequence,  particularly  likely  to  be  occupied  by  pit  lakes.  As 
has  been  pointed  out  in  an  earlier  section,  the  water  derived  from 
surface  melting  within  the  marginal  portions  of  a  continental 
glacier  descends  to  the  bottom  in  the  crevasses  and  thereafter 
flows  in  an  ice  tunnel  under  the  same  conditions  as  water  flowing 
in  a  pipe.  Having  in  most  cases  a  considerable  head  at  the  outer 
margin  of  the  ice,  this  water  may  rise  and  issue  well  above  the  lower 
ice  layers  and  so  cover  a  portion  of  the  ice  mar^n  beneath  sand 


indf 
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and  gravel  (Fig.  440),  Separated  blocks,  often  of  maG^re  pro- 
portions, are  thus  buried  beneath  nonconducting  material'!  by 
which  they  are  long  protected  from  further  melting.  Eventually, 
however,  with  the  approach  of  still  milder  climates  they  disappear, 


thus  cauang  the  overlying  sand  and  gravel  to  descend  and  form  s 
pit  of  steep  walls  similar  to  the  sawdust  pits  over  melted  ice  blocks 
within  our  storehouses. 

Pit  lakes  are  thus  easily  recognized  by  their  occurrence  usu:Uiy 
in  groups  within  a  plain  of  glacial  outwash  and  by  their  chamo 


teristic  banks  inclined  at  the  angle  of  repose  of  Bucb  mataials 
(Fig.  441). 

Glint  or  colk  lakes.  —  It  has  been  found  to  be  true  of  exiatin| 
continental  glaciers  that  where  their  mass  has  been  held  back  by  a 
mountmn  wall,  their  current  at  the  portals  within  this  rampart 
becomes  greatly  accelerated.     Thougli  the  upper  layers  of  llif 
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glacier  in  the  vicinity  may  move  forward  with  a  velocity  of  but  a 
inch  per  day,  the  current  within  the  outlet  may  be  as  much  as  I 
31  hundred  or  a  thousand  times  as  great.     In  many  respects  I 


Fio.  443.  —  Diagrani  to  show  the  manner  of  foimatioD  of  glint  or  oullcl  litkeB  where    | 
the  coDtioeiitai  glacier  of  ScandJDavia  issued  from  the  Baltic  Jepruasiou  through 
portals  in  its  moimtBiD  rampart. 


these  conditions  are  similar  to  those  about  the  raceway  of  a  reser-  J 
voir  where  the  near-by  surface  of  the  water  is  lowered  by  the  in-  I 
(iraugbt  of  the  outlet  and  the  current  in  the  raceway  b  so  acceler- 
ated that,  unless  protected,  the  bottom  of  the  race  is  carried  away   ! 
and  a  basin  excavated  which  extends  a  short  distance  both  above 
and  below  the  position  of  the  dam.     In  Holland  such  basins  I 
lowed  out  beneath  breaks  in  the  dykes  are  known  as  colks.     Baf 
which  were  excavated  beneath  the  glacier  outlets  by  a  similar  pro- 
cess "would  not  be  open  to  our 
inspection  until  after  the  ice  had 
disappeared    from   the   region; 
but  it  is  most  significant  that  in 
Scandinavia,  where  |the  Pleisto- 
cene continental  glacier,  advanc- 
ing westward  from  the  Baltic, 
held  in  check  by  the  escarp- 
ment at].the  Norwe^an  bound- 
ary (the  glint),  lake  basins  have 
been   excavated    in   hard    rock 
whose  walls  show  the  abrading 
and  polishing  which  are  charac- 
teristic of  glacial  sculpture,  and 
whose  positions  are  such   that 
they  lie  beneath  the  former  out- 
lets partly  above  and  in  part 
below  the  line  of  the  escarpment.     Their  position  in  reference  to  i 
the  rampart  and  to  the  former  outlets  is  brought  out  in  Fig,  442.   I 
The  largest  of  the  glint  lakes  of  this  series  is  Tometrfisk  in  ] 
northern  Lapland  (see  p.  277  and  Fig.  443). 
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Ice-dam  lakes.  —  Whenever  a  continental  glacier,  either  in  ad- 
vancing its  front  or  in  retiring,  lies  across  the  lines  of  drainage  upoa 
their  downstream  side,  water  is  impounded  along  the  ice  front 

so  as  to  form  ice-dam  lakes.  Such  lakes 
are  found  to-day  in  Greenland  and  in 
the  southern  Andes,  and  similar  bodies 
of  water  of  far  greater  size  and  impor- 
tance came  into  existence  in  Pleistocene 
times  each  time  that  the  continental 
glaciers  of  northern  North  America 
and  Europe  advanced  upon  or  retired 
from  suitably  directed  river  systems. 
Thus  above  the  Baltic  depression,  when 
the  ice  front  lay  to  the  eastward  of  the 
Fio  444.--iee-dam  lakes  (in  ^^^3^^^  watershed,  cach  easterly  sloping 

bluek)   between  the  front  of  1  _x        x    j    i_         ■_       •  T 

th(.  late  Pleistocene  glacier  vailey  was  Obstructed  by  the  we  and 

of  northern  Europe  and  the    OCCUpicd  by  an  icC-dam  lake  (Hg.  444), 

divide  near  the  Norwegian  ^^^  bcaches  of  wMch  may  aU  be  tnwed 

boundary  (after  G.  de  Geer).  ,        ,„.       ^  ^^.  *' 

to-day  (Fig.  445). 
One  side  of  each  ice-dam  lake  is  formed  by  an  ice  cliff  at  the 
glacier  front,  and  if  the  region  is  relatively  flat,  the  remaining 
shores  are  likely  to  be  formed  by  a  marginal  moraine  which  the 
glacier  has  abandoned  in  its  retreat.  In  their  smaller  stages, 
therefore,  ice-dam  lakes  on  prairie  country  have  the  form  of  a 


Yia.  415. -- W;ivo-cut  torraco  at  an  rlcvution  of  177.5  meters  above  sea  on  th** 
Kouthcni  sloi)<»  of  tin*  northern  Dala  valley  north  of  Baggedalen  in  Swollen.  To 
the  rifiht  in  the  foroRround  is  a  peat  l)Og  (after  Munthe). 


crescent,  which  is  the  more  pronounced  because  the  waves  by  their 
attiick  upon  th(*  ice  front  flatten  the  curvature  of  its  outline  (see 

Kig.  \m),  p.  3:30). 
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The  life  of  an  ice-dam  lake  is  begun  and  ended  in  importimt 
changes  of  glacier  outline,  and  after  the  draining  of  lakea  by  this 
]»oce£s  the  land  shores  may  be  traced  In  beaches,  and  the  ice  mar- 
gin by  a  water-ltud  moraine  of  low  relief  (Fig.  359,  p.  330). 

A  much  smaller  but  in  many  respects  similar  ice-dam  lake  is 
to-day  to  be  seen  at  the  side  of  the  Great  Aletsch  glacier,  a  moun- 
tmn  glacier  of  Switzerland.  The  traveler  who  makes  the  easy 
ascent  of  the  Eggishorn  may  look  directly  down  upon  this  crescent- 
sbaped  lake  with  its  ice  fliff  on  the  glarier  side  (see  Fig.  446). 


I 


rio.  «{!.  — Viewor  the  MSrjel  n  Lake 
■een  looking  dircptly  down  fr  im  the  i 
graph  by  L  D.  Scott). 

Glacier  lobe  lakes.  —  Upon  the  sites  of  the  former  lobes  of  the 
Pleistocene  glacier  of  North  America  are  found  the  basins  of  the 
Laurentian  River  system,  the  largest  freshwater  lakes  in  the  world. 
There  has  been  much  controversy  concerning  the  manner  of  for- 
mation of  these  lakes,  but  the  view  which  has  seemed  to  have  the 
largest  following  is  that  they  were  excavated  by  the  eroding  a 
tion  of  the  continental  glacier  over  the  drainage  basins  of  former 
rivers.     It  is  but  one  phase  of  the  long  controversy  between  op- 
posing schools,  which  have  advocated  on  the  one  hand  the  efficiency 
of  glacier  ice  as  an  eroding  agent,  and  upon  the  other  its  supposed  , 
protection  from  the  weathering  processes.     The  positions  and  the  I 
outlines  of  the  several  lakes  of  the  series  sufficiently  proclaim  their 
connection  with  the  former  glacial  lobes,  and  the  name  which  we 
have  adopted  leaves  the  exact  manner  of  their  formation  a  still 
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open  question.  The  recognition  of  the  importance  of  the  glacial 
anticyclone,  in  giving  shape  to  the  glacier  surface  and  in  effecting 
a  transfer  of  snow  from  the  central  to  the  marginal  portions,  has 
had  the  effect  of  emphasizing  the  relative  importance  of  erosion 
under  the  marginal  and  lobate  portions.  Thus  the  imxx>rtance  of  ice 
lobes  has  been  greatly  accentuated,  though  this  applies  only  to 
the  shaping  of  the  basins  and  not  in  any  important  way  to  the  im- 
pounding of  the  present  waters.  The  present  Laurentian  Lakes 
owe  their  existence  to  the  elevation  by  successive  uplifts  of  the 
country  to  the  northward  and  eastward,  since  the  Racier  retired 
from  the  lake  region.  When  the  ice  front  lay  to  the  northward  of 
the  Ottawa  River,  the  discharge  of  the  upper  lakes  was  by  a  channd 
through  Nipissing  River  and  Lake  and  thence  down  the  Ottam 
River  to  a  gulf  in  the  lower  St.  Lawrence.  The  uplift  of  the  land 
has  had  the  effect  of  raising  a  barrier  where  the  former  outlet 
existed,  and  diverting  the  waters  to  a  roundabout  channd  by  way 
of  Detroit  and  Lake  Erie  (see  Fig.  365,  p.  335). 

Rock-basin  lakes.  —  The  reversed  grades  which  develop  in  a 
valley  deepened  by  mountain  glaciers  —  the  back-tilted  treads  of 


ff77/.'//,' '■•//'' 
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Fig.  447.  —  Diaprain^  to  illustrate  the  arrangement  and  the  <rharact«Ts  of  rok- 
b.Msin  lak<\s,  toKfthcr  with  a  map  of  such  lakes  from  the  Bighoru  Mountaind  iii 

Wyoniiiii?. 


th(^  cascade  stairway  (see  p.  376)  —  furnish  a  series  of  basins 
hollowed  in  rock  which  arc  strung  along  the  course  of  the  valley 
like  ])carls  upon  a  thread,  or,  far  better,  like  the  larger  beads  in  a 
rosary  (Fig.  447).  This  characteristic  arrangement  accounts  for 
the  name  *'  Paternoster  Lakes  *'  which  has  sometimes  been  applied 
to  them  in  Europe.  Their  positions  in  series  within  U-shapeii 
mountain  valleys,  and  their  rock  shores  with  characteristically 
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smoothed  and  striated  surfaces,  make  them  easy  of  determina- 
tion. In  the  higher  portions  of  the  valley,  where  the  treads  of  the 
cascade  stairway  are  relatively  narrow,  such  lakes  are  often  ap- 
proximately circular  in  outline,  but  in  the  lower  levels  and  i 
wider  treads  they  may  be  ribbon-like,  though  lakes  of  this  tyj 
are  to  a  large  extent  replaced  in  the  lower  levels  by  the  ^ 
moraine  type  or  a  combination  of  the  two. 

Valley  moraine  lakes.  —  The  recessional  moraines  which  mark^ 
the  halting  stations  of  mountain  glaciers,  while  retiring  up  thein 


valleys,  form  dams  in  the  later  river  and  so  produce  a  type  of  lake 
which  is  in  contrast  with  the  morainal  lakes  which  result  from 
continental   glaciation.     They  may,   therefore,   be  distinguished 
by  the  name  valley  moraine  lakes.     Their  positions  on  the  bed  of  a  J 
U-shaped  mountain  valley,  and  the  glacial  materials  which  com-fl 
pope  the  dams,  are  sufficient  for  their  identification  (Fig.  448).  ■ 
Moraine  Lake  and  Lake  Louise  in  the  Canadian  Rockies  are  typUl 
cal  examples.     Rock  basin  and  valley  moraine  lakes  may  occi 
in  alternation  or  combined  in  mountfun  valleys. 
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Landslide  lakes.  — The,  sheer-walled  valleys  whi«h  ore  omd 
by  mountain  glaciers  are  too  sleep  to  long  retain  tbpir  perpendic- 
ularitv  when  the  support  of  the  glacier  has  been  removed,  Aidtd 
by  the  e\'er  present  joint  ptanei^,  which  admit  wnt^r  to  the  rocW, 
tliev  Buccumb  to  froet  action,  and  further  give  way  in  avalanchi 
wht-'Dcver  then 


t'la,  4*9.  —  laIec    basins   prodiiped  by   guivcssivc   alidca    with  W&tef.  1 
froni   tbe  Bteej)  nails  o(  a  gtaciat«d  moimtsin  valley     b1J(1-,u 

(ttllei  Russell). 

occur  8ucc« 
until  the  oripnal  valley  wall  has  been  replaced  by  a  terrnced  a 
The  treads  of  the  steps  in  this  terrace  have  generally  a  backi 
sloping  grade,  so  that  basins  are  formed  to  l>e  filled  by  relativdy 
lung  and  narrow  lakes  or  by  successions  of  small  pools  (Fig.  449 
and  plate  2'i  B). 

When  the  avalanched  material  is  so  disposed  as  to  dam  the  val. 
ley,  much  larger  lakes  of  this  type  come  into  existence.  During 
an  earthquake  which  occurred  on  January  25,  1348,  thert-  wiis  i 
lantislide  within  the  valley  of  the  Gail, 
Carinthia,  which  destroyed  seventeen 
villages  and  produced  a  lake  which 
tven  to-day  is  represented  by  a  great 
marsh. 

Border  lakes.  —  Whenever  moun- 
tain glaciers  push  out  their  fronts 
oeyond  the  borders  of  the  moimtain 
range  by  which  they  are  nourished, 
they  spread  upon  the  foreland  in 
broad  aprons  about  which  morainic 
accumulations  are  particularly  heavy. 
This  elevation  of  morainal  walls  about 
the  margins  of  the  aprons  yields  natural 
basins  that  are  occupied  by  lakes  so 
sotm  as  the  glacier  retires  its  front 
within  the  valley.  Because  such  lakes 
are  found  at  the  borders  of  upland  districts  they  have  been  oJW 
border  lakes.    Tiie  beautiful  Lakes  Constance,  Lucerne,  Maggiorr, 
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LiUgano,  Como  and  Garda  (Fig  450), on  the  bordere  of  the  Alpine  i 
highland,  are  all  of  thn  type 

Oi-bow  lakes  —  The  cutting  off  of  a  meander  within  the  fiood  1 
plain  of  a  river  yields  a  lake  which  is  of  horseshoe  (ox-bow)  out-  I 
line  and  lies  generally  with  low  banks  within  a  plain  composed  of  I 


river  silt.  Before  separating  from  the  parent  stream  the  meander 
had  begun  to  silt  up,  especially  at  the  ends.  Ox-bow  lakes  are, 
however,  relatively  deep  near  the  convex  shore  and  correspond- 
ingly shallow  toward  the  concave  mar^n  {Fig.  451). 

Saucer  lakes.  —  As  we  have  learned,  a  river  meandering  in  its 
flood  plain  has  banks  which  are  higher  than  the  average  level  of 
the  plain,  for  the  reason  that  at  flood  time  the  m^n  current  of  the 
stream  still  persists  in  the  channel,  thus  allowing  the  burden  of 
sediment  to  be  dropped  in  the 
relatively  slack  water  upon  its 
margin.  Because  of  these  natural 
embankments  or  levees,  tributary 
streams  are  often  compelled  to 
flow  long  distances  in  nearly  par- 
allel direction  before  effecting  a 
junction.  Between  the  trunk 
stream  and  its  tributaries,  likewise  bounded  by  levees,  and  be- 
tween streams  and  the  valley  walls,  there  thus  exist  low  basins 
which  are  more  or  less  saucer-shaped  (Fig.  452).  At  flood  time, 
when  the  leveea  are  overflowed  or  crevassed,  water  enters  these 
depressions,  and  an  additional  supply  may  be  derived  from  the 
walls  of  the  valley.     Good  illustrations  of  such  lakes  are  furnished 


Uluatrate  the  formutiun  of  aaucer- 
liko  bnaiiis  betwpcu  the  toveei  of 
streams  Howiag  in  a  Bood  plain. 


416  EARTH  FEATURES  AND  THEIR  MEANING 

by  the  flood  plain  ot  the  former  river  Warren  near  the  1 
the  present  Minnesota  River  (Fig.  453). 


Fia.  453. — Saueei  lakes  upon  tbe  bed  ot  the  fonner  livci  Warren  (from  the 

Mmneapolis  sheet,  U.  3.  O.  S.). 

Crescentic  levee  lakes.  —  As  we  approEich  the  delta  of  a  riwr, 
tbe  size  and  importance  of  the  levee  increaaes,  and  here  a  new  t}^^ 
of  levee  lake  may  develop  in  series  (Fig.  454).  At  flood  time  the 
levee  is  breached  near  the  point  of  sharpest  curvature  on  the  can- 
vex  aide  (Fig.  454  a).  When  the  waters  are  aub^ding,  the  cur- 
rent is  kept  away  from  the  old  channel  by  the  ritiing  grade  ot  tbe 
levee  as  well  as  by  the  inertia  of  the  current,  and  an  entrance  to 
the  old  channel  is  first  found  below  the  next  change  in  curvature 
of  the  meander,  since  here  scour  becomes  eEfective  in  cuttoog 
through  the  levee.  The  new  channel  is  thus  established  in  tbe 
form  of  a  loop  inclosing  the  old  one,  and  the  process  of  levee  build- 
ing now  erects  a  wall  about  the  territory  newly  acquired  by  the 
meander.  This  territory  has  the  fonn  of  a  crescent,  and  when 
occupied  by  water  produces  a  crescentic  levee  lake  often  joined 
to  its  neighbors  in  series.  The  abandoned  channel  now  closed 
at  both  ends  by  levees  may  be  occupied  by  water  to  produce  a 
subordinate  ribbon  type  of  curving  trench  (Fig.  454  b,  c). 

The  importance  of  levees  in  obstructing  dr^n^e  to  form  lakes 
is  only  beginning  to  be  appreciated.  It  has  quite  recently  be«i 
shown  that  when  trunk  streams  are  greatly  swollen  and  burdened 
with  sediment  while  flowing  from  a  receding  continental  gjacier, 
they  may  build  such  high  levees  as  to  aggrade  their  tributary 
streams  above  the  junctions,  even  producing  reversed  grad«e 
and  so  impounding  the  waters  to  form  extensive  lakes.  During 
the  "  ice  age  "  lakes  of  this  type  were  formed  in  Illinois  and  Ken- 
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aitt 
yko.  4M. — Levea  Iftkea  developed  roDcentricBlly  in  soriea  within  mcooden  o 
tribuUkry  to  the  MissiBaippi  and  flowuig  upon  it*  deltu  plain,     h  and  e 
esamples  of  the  ribbon  lypn  ot  levee  lake  dun  to  occupatiun  of  tbe  abandoned 
liver  channel.     The  larger  number  oi  lakes,  of  which  Sip  Luke  and  Teiu  Lake 
an  examplea.  have  the  form  of  crescents  and  lie  between  abaodoned  levees  (from 
reoent  map  of  D.  3.  Q.  3.). 

tucky  rivers  just  above  their  junctions  with  the  Ohio.  The  old 
lake  floor  with  its  east«rD  shore  hoe  and  its  protruding  islands  la 
ea^ly  made  out  upon  the  new  topographic  maps  of  Kentucky. 
R«lt  lakes.  —  Within  humid  regions  the  flood  plains  of  our  larger 
rivers  are  generally  forested,  and  as  the  river  swings  from  side  to 


I 


1 
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side  in  its  perpetual  meaaderings,  the  timber  which  grows  upon 
the  convex  side  of  each  meander  is  progressively  undermined  by 
the  river  and  felled  upon  its  bank.  The  prostrate  tre«8  r«miiiD 
upon  the  banks  during  the  low  water  of  the  aunuuer  season,  to  be 
gathered  up  at  the  time  of  flood  in  the  neoct  spring  season.  It 
is  log  jama  thus  acquired  which  so  generally  block  the  maia  chan- 
nel of  a  river  and  turn  the  current  across  the  neck  of  the  meander 
when  cut-offs  occur  with  the  formation  of  ox-bow  lakes.  Whm 
the  mass  of  timber  thus  gathered  up  by  the  river  is  excessive,  w, 
for  example,  within  the  flood  plain  of  the  Red  River  of  Arkansu 
and  Louisiana,  huge  log  rafts  are  pro- 
duced which  dam  up  the  river  so  cffw- 
tively  a-s  to  prcxluce  temporary  lakffi. 
The  impounded  wat«rs  soon  find  an 
outlet  over  the  levee  at  some  point 
higher  up  the  river,  and  the  waters 
flowing  off  through  the  tunberrd 
bottom  lands,  other  logs  are  rau^ 
by  the  standing  timber  as  in  a  wrir. 
A  second  dam  ia  thus  fonned  which  is 
'  separated  from  the  initial  one  by  open 
water,  and  in  this  way  the  driftwotiii 


Fra.  455.  — Rjift  lakcH 
the  banks  of  the  Red  Rive 
ArkauBBB  and  LouiaiaaB  at  dam  acquires  cQormous  propoTtJonf 
their  fullest  recorded  deveiop-  ^  jj.  gradually  moves  UD  the  rivw. 
ment    (after    A.    C.    Veatch,  r^  j  r 

V.  S.  G.  S.). 


After  a  period  of  perhaps  a  century 
or  more,  the  lower  sections  of  Xht 
jam  become  decayed  and  dislodged  so  as  to  float  down  the  rivw. 

In  the  lower  Red  River  a  great  raft  of  alternating  jams  iind 
open  water  reached  a  length  of  about  one  hundred  and  sixty  miles 
and  moved  up  the  river  at  the  average  rate  of  soniething  !«> 
than  a  mile  per  year.  Witiiin  the  limits  of  the  dam  sU  tributaiy 
streams  were  blocked,  so  that  secondary  lakes  were  formed  in  ■ 
double  fringe  about  the  main  river  (Fig.  455).  The  great  rsft 
which  formed  here  in  the  latter  part  of  the  fifteenth  centurr 
has  now  at  the  beginning  of  the  twentieth  been  largi'ly  remoipf*! 
and  measures  have  been  adopted  to  prevent  its  re-formation. 

Side-delta  lakes.  —  It  is  characteristic  of  river  drainage  Uwl 
the  tributary  streams  enter  the  main  valley  on  steeper  gradioiU 
than  the  trunk  stream  at  the  point  of  junction.     Wherever 


visa  lakes  Tbuti  nnd  E 
fornicd  by  dellus  at  the  juactJoii 
tributary  to  a  sleep- wailed  vnUey. 


<lifference  in  velocity  of  the  two  streams  at  the  junction  is  l&rgeJ 
and  the  side  stream  is  charged  with  sediment,  a  delta  will  bq 
formed  at  the  mouth  of  . 
the  tributary  stream.  ,  ^^ 
Such  deltas  push  out 
from  the  shore  and  may 
eventually  block  the 
channel  so  as  to  form  a 
more  or  less  sausage- 
shaped  expansion  of  the 
river  —  a  side-delta  lake. 
Traverse  and  Big  Stone 
Lakes  in  the  valley  of  the  Fig.  436. 
Warren  River  in  Minne- 
sota have  been  formed  in 
this  way  (Fig.  354,  p.  326).  Lakes  Than  and  Brienz  in  the  Swiss 
Alps  are  of  similar  origin,  the  tieautiful  city  of  Interlaken  being 
built  upon  the  delta  plain  over  the  valley  of  the  earher  river 
(Fig.  456).  The  Mississippi  hits  similarly  been  expanded  to  form 
Lake  Pepin  above  the  delta  at  the  mouth  of  the  Chippewa  River. 
Delta  lakes.  —  A  somewhat  dif- 
ferent type  of  delta  lake  has  beenj 
formed  in  Louisiana,  where 
"father  of  waters"  discbarges  into 
the  gulf.  Here  the  various  dis 
tributaries  radiate  from  the  maii£ 
channel  to  produce  the  "  bird-foot "  ^ 
delta  tj-pe  and  the  toes  in  this  foot 
by  their  junction  with  the  banks 
which  outline  the  ancient  estuary, 
have  separated  in  succession  a  series 
of  basins  that  before  were  in  direct 
connection  with  the  sea  (Fig.  457). 
Lake  Pontchartrain  is  the  largest 
of  this  series,  while  the  so-called 
Lake  Borgne  is  in  process  of 
separation. 

Where  large  deltas  push  out  from  the  shore  into  the  open  seaJ 
the  levees  which  border  the  individual  distributaries  are  attackec 


Fio.  457.  — Delta  lakps  (nncied  i 
Ihc  mouth  of  the  Misaisaipi 
through  the  junction  of  the  levers 
ot|  radiatiDg  dutrihutariee  ' 
the  ihore  of  the  estuary  (after 
Berghaus). 
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by  the  waves  and  their  materials  are  transported  by  the  shore 
currents  and  built  into  barriers.  These  barriers  cut  off  \hr  Tf- 
entrants  between  neighboring  distributaries  so  as  to  produce 
lagoons  or  lakes  (Fig.  458). 

A  type  of  delta  lake,  which  more  resembles  the  side-delta  lake 
above  described,  has  formed  at  the  mouth  of  the  Colorado  River, 
where  it  enters  the  Gulf  of  Lower 
California.  The  Imperial  Valley 
lying  to  the  north  of  this  ddta  a 
the  desiccated  floor  of  the  earlier 
Gulf  of  Lower  California  which  bas 
lieen  captured  from  the  sea  by  the 
delta  of  the  Colorado.  The  rampart 
of  mountains,  by  which  this  valley 
is  surrounded,  has  cut  it  off  from 
Fio.  4oM.  —  A  type  of  delta  lakes     any    water    supply    derived    from 

formed    by    leve™    in    p^    d,v      ^y^^^        ^^j      j^     ^^^^^      y^-  ^^ 

stroycd  and  built  lulo  iKimere 

on  ihe  mntpn  of  ibe  delta  of  the     longer  renewed   from   the  sea,  the 

Nile  (after  Supan).  region  has  passed  through  s  period 

of  desiccation  which  has  left  Ibe 
Salton  Sink  aiS  the  only  existing  remnant  of  the  earlier  lagooa.  It 
will  be  remembered  that  careless  operations  in  diverting  distribu- 
taries of  the  Colorado  recently  reversed  this  process  so  that  the 
waters  rose  in  the  valley,  and  expensive  emergency  operatioas 
were  necessary  in  order  to  again  turn  the  waters  of  the  Coloradft 
into  their  accustomed  channels. 

Barrier  lakes.  —  The  Salton  Sink  illustrates  a  type  of  lalcc 
■which  is  formed  at  the  border  of  the  aea  through  the  erection  of 
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name  tind  of  barrier  whith  captures  a  small  area  of  the  ocean's 
surface.  Though  Buch  lakes  may  be  properly  described  as  strand 
lakes,  it  is  usually  at  the  mouth  of  a  river  that  the  process  be- 
comes effective.  The  common  type  of  barrier  takes  is  found 
devdoped  on  most  ragged  coast  lines  where  the 
shore  currents  have  formed  first  bars  and  later 
barriers  at  the  mouths  of  the  estuaries  (Fig.  459). 
Buch  embankments  are  usually  gently  curving 
or  crescent  shaped  and  are  composed  of  sand  or 
*  shingle  which  presents  a  steep  landward  and  a 
gradual  seaward  slope. 

Dune  lakes.  —  Within  the  narrow  strips  of 
shore  in  which  all  the  fine  soil  that  could  be 
available  for  plant  life  has  been  washed  away  by 
the  waves,  beach  sand  is  exposed  to  the  direct  Fio.  «o.  —  Dune 
action  of  the  winds.  In  time  of  storm  the  sand  lakea  on  the  coaat 
is  picked  up  and  after  drifting  in  the  wind  is  ^^^^^  '*'*" 
collected  in  long  ridges  parallel  to  the  shore. 
Constantly  traveling  along  shore,  these  dunes  block  the  mouths 
of  rivers  and  thus  produce  a  series  of  lakes  such  as  are  indicated 
in  Fig.  460. 

Sink  lakes.  —  Another  class  of  lakes  are  due  either  directly 
or  indirectly  to  the  work  of  underground  waters.  In  districts 
which  are  imderiain  by  limestone,  the  surface  water  descending 
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along  the  joints  of  the  limestone  may  widen  these  passAgevay* 
through  solution  of  the  rock  and  at  lower  levels  flow  on  the  floors 
of  caverns  eaten  out  by  the  same  process  on  bedding  planes  of  the 
formation.  At  the  intersections  of  joints,  more  or  \vss  circuluf 
shafts  known  as  "  swallow-holes  "  go  down  to  the  caves  from  the 
surface.  Locally,  also  the  cavern  roofs  give  way  so  as  to  choke 
the  galleries  with  rubble  and  leave  a  basin  at  th«  surface  which 
has  an  irregular  but  generally  a  more  or  less  oval  outline.  If 
suPBeiently  clogged  at  the  bottom  by  finer  rock  debris,  these  basins 
become  occupied  by  small  lakes  which  are  known  as  sinks,  and 
constitute  one  of  the  best  surface  indications  of  a  limestome 
country, 

Earst  lakes  —  poljen.  —  In  the  limestone  country  to  the  notlli 
and  east  of  the  Adriatic  Sea  —  the  so-called  Karst  re^on  —  then 
arp  many  interesting  features  which  are  directly  traceable  to  the 
solution  of  the  country  rock.  Here  all  the  surface  water  desre&dt 
in  certain  districts  along  the  widened  joint  planes  so  that  the 
drainage  is  largely  subterranean.  The  so-called  dolines  or  sinks  of 
very  regular  and  symmetrical  forma  resembling  deep  bowb  cnv 
a  large  part  of  the  surface. 

The  entire  country  is,  moreover,  faulted  in  the  most  mtricate 
fashion  into  many  rift  valleys.  The  drainage  being  so  largdjr 
subterranean,  these  down-thrown  blocks  of  crust,  the  so-called 
poljen,  become  flooded  at  certain  seasons  of  the  year  when  (be 
subterranean  passages  become  choked  or  are  too  small  to  cany 
away  all  the  water.  A  seasonal  lake  of  this  character  is  the 
Zirknitz  Lake  fp.  189). 

PUya  lakes.  —  It  is  the  law  of  the  desert  that  the  arid  w^ca 
be  walled  in  by  mountains.  This  encircling  rampart  forcw  the 
clouds  to  rise,  and  by  robbing  them  of  their  moisture  leaves  Uic 
desert  dry  and  barren.  Those  waters  which  fall  upon  the  inner 
margin  of  the  ranges  drain  toward  the  interior  of  this  pan>likc 
depression  and  are  not  returned  to  the  sea  —  the  desert  is  without 
on  outlet.  Infrequent  though  they  be,  the  desert  rains  are  of 
the  cloudburst  tj-pe  and  in  the  hills  develop  torrents  whose  waUn. 
emerging  upon  the  desert  floor,  develop  lakes  in  the  space  of  a 
few  minutes  or  at  most  hours.  In  the  hot  and  dry  atmosphere 
the  waters  of  these  shallow  basins  may  be  eucked  up  in  the  space 
f  a  few  hours  but  reappear  in  the  same  baans  at  the  time  of  the 


w 


A  STUDY  OF  LAKK  BASINS  423  1 

next  succeeding  cloudburst.     Such   ephemeral  lakes   arc  known  1 
as  plaj'^as. 

Salines.  —  Desert  lakea  more  favored  in  their  supply  of  water  1 
may  be  relatively  long  lived  and  persist  for  periods  measured  in  1 
j-ears  or  centuries.  Such  lakes  are,  however,  extremely  sei 
tive  to  climatic  changes  (see  p.   198). 

For  the  reason  that  they  have  no  outlet  the  waters  of  desert  1 
lakes  become  salt  through  continued  evaporation.  They  are,  ' 
therefore,  spoken  of  as  saiittes.  Lake  Bormeville,  so  long  as  it  1 
discharged  its  waters  over  the  sill  of  the  Red  Rock  Pass,  must  j 
have  remaned  fresh ;  but  when  the  level  of  its  waters  had  fallen 
below  this  outlet,  its  waters  became  salt  and  the  content  increased  | 
as  the  volume  diminished. 

The  shallow  basins  upon  the  floors  of  desert  lakes  may  have  j 
come  into  existence  in  various  ways ;  but  it  would  appear  that 
the  irregular  removal  of  the  soil  by  the  winds,  modified  as  this  is  by  ] 
differences  in  composition  of  the  rock  materials  and  by  vegetable  ■ 
growth,  and  the  deposition  of  sand  by  the  same  agent,  are  by  far  ' 
the  most  important.  Many  of  the  types  of  tectonic  and  volcanic 
lakes  which  have  been  described  are  characteristic  of  humid  and  | 
arid  re^ons  alike. 

Alluvial-dam  lakes.  —  Within  the  mountains  upon  the  desert  j 
borders,  the  alluvial  fans  which  form  at  the  mouths  of  valleys, 
because  of  the  characteristic  cloudburst,  sometimes  obstruct  a  1 
main  valley  at  the  junction  with  its  tributaries.  By  this  process  1 
the  waters  of  the  main  river  are  impounded  in  essentially  the  ' 
same  manner  as  are  the  rivers  of  humid  regions  by  the  deltas 
of  their  tributaries, 

R£sum£.  —  The  types  of  lakes  which  we  have  now  considered 
are  arranged  below  in  tabular  form  so  as  to  show  their  relation- 
ship to  important  geological  processes.  White  not  complete, 
the  list  includes  the  more  important  classes,  as  well  as  others 
which,  while  not  of  common  occurrence,  are  yet  of  interest  in  giv-  i 
ii^  further  illustration  to  the  processes  which  have  been  treated  j 
in  earlier  chapters. 

By  giving  careful  attention  to  criteria  which  have  been  above  I 
suggested,  it  should  be  possible  in  the  greater  number  of  instances  | 
at  least  to  determine  whether  any  lake  which  is  visited  has  had  its  ] 
origin  in  one  or  another  of  the  processes  described. 
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CLASSIFICATION    OF   LAKES 

TaebmU  Lokm  VtHmmtt  £ 

Nmrfudlafaa  OnMrUtat 


EartbqiiKke  klna 

Mcmiiudlatea 
Pit  lakes 

Oliat  ai  oolk  lakw 
lee-dun  Una 
Olado^obe  kkca 


Oz-bowlRkea  BwIhUw 

BMioerlakei  DmwUiH' 

Creaoontie  levae  Ucm 

SaftUkes 

Sidfr^leltekkM 

DeltklakM 

Ground  TToter  £afcM  Dmwt  hAm 

ffink  lakes  nayaUcaa 

Kant  lakes  —  po{;en  Salines 

Alluvial  dam  Iwilrwi 

I 
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CHAPTER  XXX 

THE   EPHEMERAL  EXISTENCE    OF   LAKES 

Lakes  as  settling  basins.  —  Of  all  the  processes  which  coDspire 
to  blot  out  the  lakes  with  which  our  northern  landscapes  are 
dotted,  the  one  of  greatest  importance  is  in  most  cases  a  process 
of  filling  by  the  sediments  brought  in  by  tributary  streams.  The 
carrying  of  sediment  in  suspension  depends,  as  we  know,  upon  the 
velocity  of  the  current,  and  as  this  is  checked  where  it  reaches 
the  lake  margin,  all  coarser  material  is  at  once  depoated  to  form 


Fig.   462.  —  Map  of  the  Arve  and  the  upper  Rhone  to  show  the  importance  c^ 
Lake  Geneva  as  a  settling  basin  of  the  larger  stream. 

a  delta,  while  the  finer  sediments  are  held  longer  in  suspension  and 
finally  settle  in  thin  layers  over  the  entire  bottom  of  the  lake. 
Clay  deposits  surrounded  by  coarser  sediments  are  thus  charac- 
teristic of  filled  lake  basins. 

How  waters  are  clarified  by  their  passage  through  a  lake  is 
indicated  by  a  comparison  of  a  river  system  such  as  the  St.  Law- 
rence, with  a  river  like  the  Missouri  and  Mississippi.  Not  only 
are  the  lower  stretches  of  the  St.  Lawrence  in  striking  contrast 
with  the  muddy  floods  of  the  Missouri  and  Mississippi ;  but  the 
delta,  which  is  so  remarkable  a  feature  in  the  Mississippi,  has 
no  counterpart  in  the  northern  river. 
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The  most  noteworthy  examples  of  settling  are,  however,  i\iT- 
mshed  by  the  lakes  of  Switzerland,  for  the  reason  that  Swii 
rivers  are  heavily  charged  with  rock  flour  produced  beneath  the 
numerous  glaciers  at  the  valley  heads,  and,  further,  because  these 
rivers  descend  with  turbulent  currents  to  near  the  borders  of  the 
larger  lakes.  To  look  out  upon  the  murky  watt-rs  of  the  upper 
Rhone,  where  they  enter  Lake  Geneva  near  Villenouve,  and  then 
to  watch  the  flood  of  crystal  water  which  issues  from  the  lake 
and  paasos  under  the  bridge  at  Geneva,  is  an  object  lesson  which 
no  traveling  student  should  mias  (Fig.  462).  Yet  even  more  in- 
structive is  a  visit  to  the  Boisde  la  BSiie  at  the  junction  of  thia^ 
clear  stream  with  the  Arve,  a  half  hour's  walk  only  below  Geneva.; 


1 
I 


Fid  4&)  — View  lx>king  upstream  across  the  opaque  waters  of  tiie  Arve  to  the 
dear  rellLCCii  g  surfooe  of  the  Rhone  To  the  nght  across  the  Arve  is  seeii  the 
cemcut  works  for  roeovenng  the  Ane  sedimeiits 

The  waters  of  the  Ar\e  have  come  on  a  steep  descent  directly 
from  the  glaciers  of  the  Mont  Blanc  district  and  as  they  meet 
the  cleared  waters  of  the  Rhone  they  flow  beside  them  down 
the  common  valley  without  mingling  Dull  and  opaque,  the 
Arve  naters  can  be  diicerned  for  a  long  distance  as  a  white  belt 
against  the  left  bank  of  the  river,  sharplj  defined  against  the  blue 
reflecting  surface  of  the  Rhone  waters  (Fig.  463).  Upon  the 
banks  of  the  Arve,  just  above  its  junction,  a  cement  manufactory 
has  been  established  to  utilize  the  clays  which  are  here  deposited. 
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Wherever  lakes  are  contained  in  long  and  narrow  valleys,  t 
greater  part  of  the  tributary  drainage  enters  at  the  upper  end, 
and  the  delta  which  there  forms 
extends  from  bank  to  bank.  .\6 
it  continues  to  advance  into  (he 
lake,  the  earlier  water  basin  is 
gradually  transformed  into  a  levd 
plain  of  delta  depodt,  a  feature 
so  common  as  to  be  deiserving  of  s 
special  name.  The  Scottish  lochs, 
which  are  lakes  of  this  type,  an; 
each  extended  in  a  longer  or  shorter 
delta  plain  described  as  a  slmth, 
-ThevUlftgeofVoschiavo  and  this  local  term  may  well  be 
in  emiiern  Swiueriand,  built  upon  given  a  general  application  (fron- 
l^^va^  *'  *''°  ""^  "'  ""^  ^'*"  tispiece).  The  city  of  Ithaca,  tie 
seat  of  Cornell  University,  is  built 
upon  a  strath  at  the  head  of  Lake  Cayuga,  and  numberless  Scot- 
tish and  Swiss  hamlets  have  been  located  upon  such  fertile  plains 
(Fig.  464). 

Drawing  off  of  water  by  erosion  of  outlet. — Next  in  impor- 
tance to  the  filling  up  of  lake  basins  as  a  factor  in  their  early 
extinction  is  the  cutting  down  of  their  channels  of  outflow. 
Whenever  the  walls  of  the  outlet  are  cut  in  rock,  this  drain- 
ing process  is  apt  to  be  slow,  for  the  reason  that  the  outlet 
stream  is  of  filtered  water  and  so  lacks  the  necessary  cutting 
tools.  By  far  the  larger  number  of  lakes  are,  however,  held 
back  by  dams  of  loose  drift  deposits  laid  down  by  the  earfief 
continental  glaciers ;  and  so  the  very  clarity  of  tlje  water  pro- 
motes the  erosion  of  the  outlet  by  allowing  the  stream's  (nil 
burden  of  sediment  to  be  lifted  and  then  removed  ^m  the 
channel. 

The  pulliag  in  of  headlands  and  the  cutting  off  of  bays.  — Tbe 
removal  of  projecting  headlands  by  wave  action,  thou^  it  in- 
creases the  area  of  the  lake,  yet  it  decreases  directly  the  volume 
of  lake  water  through  formation  of  the  built  terrace,  and  indi- 
rectly in  far  larger  measure  through  the  transformatjon  of  ha}'B 
into  quiet  lagoons  within  which  the  extinguishing  process  of  pest 
growth  is  set  in  operation. 
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Lake  eztinctloii  by  peat  growth.  —  The  first  condition  for  the 
growth  of  lake  vegetation  is  quiet  water.  Within  small  lakes, 
6ueh  as  the  kettle  basins  upon  moraines,  aquatic  vegetation  de- 
velops rapidly,  and  bogs  of  peat  might  almost  be  included  among 
the  most  important  distinguishing  marks  of  a  glaciated  country. 
Within  larger  lakes  it  isonly  after  barrier  beaches  have  been  thrown 
across  the  mouths  of  the  bays  to  form  natural  breakwaters  for 
the  waves  that  this  process  of  lake  extinction  by  peat  growth 
can  become  effective. 

Many  erroneous  notions  are  still  held  concerning  the  prime^ 
importance  of  sphagnum  in  peat  formation,  owing  to  the  pecul- 
iar local  conditions 


''^■C^  ■■■'■'^'^Z' 


under    which     the 

early  studies   were 

made.     Within  the 

glaciateddistrictsof 

the  United  States, 

the     formation    of 

peat    involves   the 

BUccessive  growths 

of    a    number    of 

zones  of  vegetation 

and  the  formation 

of   a   floating   bog  j.^^  ^^ 

which  advances  into      iddcb  < 

the  lake  from   the      lowstoi 

Bhores,  followed  in      ^"■'"'' 

turn  by  belts  of  low  shrubs,  tamaracks,  and  lastly  deciduous 

trees  (Fig.  465). 

In  most  cases  the  first  plants  to  develop  in  a  quiet  lake  are  the 
water  lilies,  though  these  are  sometimes  preceded  by  chara  and 
floating  bladderwort.  Next  behind  the  water  Ulies  come  the 
sedges,  which  fonn  a  mat  of  floating  bog  by  their  grasslike  sterna 
anking  down  in  the  water  and  being  there  interwoven  with  the 
rhizomes  below.  This  mat  of  sedge  is  often  so  firm  that  cattle 
may  advance  upon  it  to  the  water's  edge,  but  it  is  separated 
by  a  layer  of  water  from  the  bed  of  growing  peat  at  the  bottom 
of  the  lake  (Fig.  466).  This  bed  of  peat  appears  to  grow  upward 
toward  the  surface  and  become  joined  to  the  shore  end  of  the 
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-  View  of  the  doatinB  bog  and  Eurroundini 
vegetation  in  a  nnall  ^adnl  lake  of  the  YA-  M 
National  Park  (after  a  photograph  by  Fair^  J 
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floating  bog  by  decaying  vegetation  which  is  dropped  from  the 
bottom  of  the  mat  above. 

In  order  behind  the  floating  bog  come  the  advanced  planla 
of  the  conifer  group,  with  sphagnum  and  low  shrub  here  upon  & 
peat  base  extending  to  the  lake  bottom.  Behind  the  bell  of 
shrubs  arise  the  tamaracks  and  spruces,  and  lastly,  toward  the 
shore,  come  the  deciduous  trees  and  especially  poplars,  maples. 
and  marginal  willows.     Upon  the  margin  of  the  basin  there  is 


Fla.  466.  — Diagram  U 


usually  a  low  trench,  or  "  fosse,"  filled  with  water  during  wet  sea- 
sons, as  a  result,  no  doubt,  of  seo^nal  inwash  that  does  not  reach 
the  readual  lake  toward  the  center  of  the  basin. 

Extinction  of  Ulies  in  desert  regjons.  —  In  arid  regions  \itsn 
are  special  causes  of  lake  extinction.  Thuii  the  blowing  in  d 
sand  and  dust  carried  for  long  distances  in  the  air,  a  by  no 
means  negligible  factor  even  in  humid  regions,  here  nssumes 
larip*  importance.  The  now  exposed  baains  of  extinct  desert 
lakes  afford  the  evidence,  however,  of  an  even  greater  (aetor 
of  extinction,  in  climatic  change.  The  clouds,  which  at  ont 
time  found  their  way  into  the  drainage  basin  of  a  lake,  mi^ 
later  through  the  rise  of  a  mountain  barrier  be  cut  off,  and 
so  with  reduced  water  supply  a  period  of  lake  de«iccalkB 
is  begun.  When,  in  this  process  of  drying  up,  the  lake  levrf 
has  fallen  below  that  of  the  outlet,  the  saline  content  of  the 
waters  begins  to  increase,  and  later  a  stage  is  reached,  as  in 
Great  Salt  Lake,  when  the  sodium  salts  are  precipitated.  Vi'hen 
the  lake  has  liecomc  extinct,  these  deports  remtun  as  a  witness 
to  the  changed  chmatic  condition. 

The  rWe  of  lakes  in  the  economy  of  nature.  —  It  is  tiutural, 
in  considering  the  extinction  of  lakes,  to  give  some  attention  to 
ihc  role  which  they  play  in  the  economy  of  nature.     Thai  lakes 
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filter  the  water  of  rivers,  and  prevent  the  formation  of  important 
delta  deposits,  has  already  been  noticed.  A  curious  exception 
to  this  general  rule  ia  furnished  by  the  great  delta  at  the  head  of 
LakeSt.  Clair,  just  below  the  outlet  of  Lake  Huron.  This  anomaly 
is,  however,  explmned  by  the  peculiar  currents  of  Lake  Huron, 
which  are  so  directed  as  to  sweep  the  beach  sand  into  the  swift 
current  of  the  outlet,  to  be  deposited  in  the  quiet 
■waters  of  Lake  St.  Clair  (Fig.  467). 

As  regulators  of  the  flow  of  rivers,  lakes  perform 
an  important  function.  Such  disastrous  floods  as 
are  characteristic  of  the  spring  season  within  the 
basin  of  the  lower  Mississippi  could  not  occur  in 
the  lower  St.  Lawrence,  for  the  reason  that  the 
great  basins  of  the  lakes  serve  as  distributing  reser- 
voirs. The  annual  floods,  upon  which  the  agri- 
culture of  Egypt  depends,  are  explained  by  the 
flood  waters  from  the  high  mountains  of  Abyssinia 
entering  the  Nile  below  the  lakes  of  its  upper  basin. 

In  one  further  respect  large  inland  Irodies  of 
water  have  an  important  function  as  regulators. 
It  is  the  property  of  water  to  respond  but  slowly 
to  the  variations  in  the  quantity  of  heat  which  ruliur  currenta 
Teaches  the  earth's  surface  from  the  sun.  A  larger  '"  ^^'  Huron 
quantity  of  heat  must  be  added  to  or  abstracted  col*)'  ™  *" 
from  a  body  of  water,  in  order  to  change  its  tem- 
perature by  one  degree,  than  would  be  required  for  a  like  change 
in  the  same  bulk  of  earth  or  rock.  Thus  Ix>die3  of  water  by  more 
slowly  acquiring  the  summer's  heat  retard  the  coming  spring,  and 
by  storing  up  this  energy  and  carrying  it  over  into  the  autumn 
the  warm  season  is  prolonged  and  early  frosts  prevented.  The 
fruit  belts  about  the  lower  Great  Lakes  are  thus  dependent  upon 
this  regulating  property  of  the  lake  waters.  The  diseomfort  of 
the  long  spring  of  raw  weather  is  thus  compensated  by  an  un- 
usually salubrious  harvest  season. 

Ice  ramparts  on  lake  shores. — Small  ridges  known  as  ice  ram- 
parts are  formed  upon  lake  shores  by  the  action  of  lake  ice,  though 
subject  to  so  many  qualifying  conditions  that  the  range  of  their 
occurrence  is  somewhat  limited.  Within  districts  where  a  winter 
ice  cover  of  some  thickness  is  formed,  the  shores  of  lakes  are  apt 
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Fio.  467.  — Map 

eJous  positiaa 
of  the  delta  in 
Lake  St.  Clair. 
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to  present  ridges  of  bowlders  parallel  to  and  near  the  wal 
edge,  and  such  lakes  have  aometimea  become  known  as  "  wall 
lakes  "  (Fig.  468). 

In  many  cases  these  small  ridges  have  been  formed  at  the  time 
of  the  spring  "  break  up  "  of  the  ice ;  for  the  ic<?  cover,  when  once 
loosened,  is  drifted  in  great 
rafts  first  ag^nst  one  shore, 
and  later,  with  a  change  of 
wind  direction,  against  an- 
other. Under  the  impact  of 
such  heavy  rafts,  the  hajf- 
Bubmerged  bowlders  near  the 
shore  are  forced  up  the  beach 
until  they  lie  in  a  ridge  or 
Fia.  468.  — A  bowlder  waU  npon  the  atoro   bowlder  wall. 

I  hkidU  lake  in  the  Adiroadaoka  of  Naw  At  other  times  such  bowlder 
walls,  and  far  more  interesting 
ridges  as  well,  result  from  a  kind  of  ice  shove  independent  of  the 
wind,  but  caused  by  expansion  within  the  ice  itself  during  a  suii- 
den  rise  of  temperature  of  the  surrounding  air.  Such  ice  ramparts 
require  for  their  explanation  a  consideration  of  the  sequence  of 
events  from  the  time  the  ice  cover  closes  the  lakes. 

The  first  lake  ice  of  early  winter  forms  in  most  cases  with  air 
temperatures  a  few  degrees  only  below  the  freezing  point  of  the 
water.  When  later  a  severe  "  cold  wave  "  arrives,  the  ice  cover 
is  contracted  and  liecomes  too  small  for  the  lake  surface.  To  this 
contraction  it  yields  and  opens  cracks  up  which  the  water  rises, 
and  in  the  prevailing  low  temperature  this  water  is  quickly  frozen 
and  the  lake  cover  again  made  complete.  Skaters  are  familiar 
with  the  opening  of  these  cracks  and  the  loud  "roaring  "  which 
accompanies  it  on  cold  mornings,  the  sharp  skate  runners  some- 
times starting  a  crack  in  the  strained  ice,  as  does  a  light  scratch 
upon  glass  that  is  in  a  similar  strained  condition. 

The  original  ice  cover  of  the  lake,  which  was  formed  at  near- 
freezing  temperatures,  has  now  received  a  number  of  inserted 
wedges  of  new  ice  at  a  time  when  its  contracted  volume  has  made 
this  possible.  If  now  a  "  warm  wave  "  succeeds  to  the  "  cold 
wave  "  in  the  air,  the  ice  cover  expands  at  a  rate  corresponding 
to  its  rate  of  contraction,  so  that  a  strong  pressure  is  exerted 
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agfunst  the  shore  (Fig.  469).     SlidinK  up  the  sloping  surface  of 
the  cut  and  built  terrace,  the  force  of  this  shove  may  be  deSected 


>- 


>- 


upward  against  the  cliff,  and  if  this  is  of  loose  materials,  the  effect 
may  be  to  ram  bowlders  into  the  bank,  to  push  up  ramparts  or 
ridges,  to  overturn  trees,  etc.  (Fig.  470).     In  marsh  land  the   , 


frozen  surface  layer  may  slide  over 
its  unf roaen  base  and  be  forced  up 
into  broken  folds  (lower  diagram 
of  Figs.  469  and  470). 

In  order  that  ice  ramparts  may 
be  formed,  it  is  necessary  that  the 

winter  climate  of  the  district  be    p,^  470.— Various  forms  ol  ic 
severe  and  characterized  by  alter-  lamparia  (after  Buckley). 

nating  cold  and  warm  waves,  in- 
volving considerable  range  of  air  temperature  below  the  freezing 
point.  If  the  lake  is  small,  the  push  of  the  ice  will  be  through  so 
email  a  distance  as  not  to  yield  appreciable  ramparts.  If,  on  the 
other  hand,  the  lake  is  too  large,  the  ice  cover  is  not  ri^d  enough 
to  transmit  the  push  to  the  distant  shore,  but,  like  a  long  beam 
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employed  in  the  same  mamier  to  transmit  a  compressive  stress, 
it  is  bent  out  of  a  straight  line  and  later  broken.  Thus  in  a  broad 
lake,  with  the  coming  of  a  "  warm  wave,"  the  ice  cover  opens  in 

a  crack  from  shore 
to  shore  and  finds 
relief  from  the  stress 
by  pushing  up  a  ridge 
above  the  crack.  On 
such  lakes  ice  ram- 
parts are  found  only 
about  the  shores  of 
bays  whose  expanse 
does  not  greatly  ex- 
ceed a  mile  (Fig.  471). 

Fio.  471.  — Map  of  Lake  Mendote  at  Madiaon,  Wi»-        When    there   is 

consin,  showing  the  position  of  the  ridge  which  fonns  heavy    Snowf  all    ice 
from  ice  expansion,  and  the  ice  ramparts  about  the  .  •.%  i 

shores  of  the  bays  (based  on  Buckley's  map).  ramparts    either    dO 

not  form  or  are  of 
smaller  dimensions,  probably  in  part  because  the  ice  is  blanketed 
by  the  snow  and  so  prevented  from  sudden  elevation  of  tempera- 
ture during  the  "  warm  wave,"  but  even  more  because  the  ice 

cover  is  sensibly  bowed  down  under  its  load  and  so  rendered 
incompetent  to  transmit  the  developed  stresses  to  the  shores.  . 
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CHAPTER  XXXI 
THE    ORIGIN    AND    THE    FORMS    OF    MOUNTAINS 

A  ifountain  defined.  —  As  ordinarily  understood,  mountuos 

are  elevations  upon  the  earth's  surface  which  rise  above  the 
feoeral  level  of  the  country.  Their  summits  need  not  be  at  great 
heights  above  the  sea,  but  it  is  essential  that  they  project  above 
the  average  level  of  the  surrounding  country  by  at  least  a  quarter 
of  a  nuie.  Lower  elevations  are  described  as  bills.  On  the  other 
hand,  the  elevation  of  a  plateau  like  the  "  High  Plains  "  of  the 
■western  United  States  may  be  as  much  as  a  mile,  but  the  vast 
expanse  of  nearly  level   surface   precludes  the   use  o£  the  temi  < 

mountain."  The  word  is  thus  applied  to  a  feature  of  the  earth 
and  not  merely  to  an  elevated  tract. 

In  a  collective  sense,  though  more  often  in  the  plural  form, 
the  term  is  properly  applied  to  groups  of  similar  features  which 
have  a  common  origin  in  local  uplift  of  the  land.  The  ori^n  of 
mountains  used  in  this  sense  of  mountain  complexes  is  thus 
connected  with  some  essentially  local  uplift  of  the  earth's  surface. 
This  may  take  place  by  the  processes  of  folding  and  superin- 
cumbent fault  displacement,  by  volcanic  extravasations  or  ejec- 
tions, or  by  a  deeper  seated  and  essentially  hydrostatic  elevation  ^ 
of  rock  beds  over  molten  rock  material. 

The  existing /orms  of  mountains,  as  we  are  to  see,  are  largely 
shaped  by  the  erosional  processes  which  are  set  in  operation 
by  the  uplift  itself,  though  often  completed  long  subsequent 
to  it. 

The  festoons  of  mountain  arcs.  —  From  our  earliest  studies 
of  school  geograpliies,  we  have  become  familiar  with  the  arrange- 
ment of  the  more  important  mountains  in  long  chains  or  systems. 
Comparatively  few  persons  have  given  any  further  attention  to 
the  arrangement  of  the  chains,  though  over  large  areas  of  the  , 
earth's  surface  the  distribution  of  mountain  ranges  is  deeply  sig- 
nificant. The  map  of  Asia  in  particular  presents  a  series  of  great 
sweeping  arcs  or  crescents  which  are  grouped  as  though  hung  1 
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upon  the  map  in  festoons  with  knots  or  vertexes  to  separate 
neighboring  groups  (Fig.  474,  p.  438,  and  Fig.  472), 

The  significance  of  these  mountain  groupings  in  the  evolution 
of  the  earth's  surface 
has  been  pointed  out 
by  the  great  Viennese 
geologist  SucBs,  to  whom 
we  are  indebted  for  fo- 
cusing upon  the  plan  of 
the  earth  an  amount  ot 
attention  which  befoit 
had  been  largely  gna 
to  the  preparation  of 
hypothetical  sections 
of  strata  which  were 
largelyburied  fromsi^t 
beneath  the  earth'ssur- 
Flo.  472.  — Tiie  great  njultipla  mountain  arc  of  face.  Broadly  speaking, 
SewBHtUD,  British  IntiiB  (altor  de  Saint  Martin  (.Jjg  mountain  arcs  Bay 
""^  ^*^''~*'"'-  be  said  t«  be  grouprf 

about  those  shields  of  older  rock  which  geological  studies  haw 
shown  to  be  the  oldest  land  masses  upon  the  glol>e.  Within  the 
northern  hemisphere  these  original  continents  are  represented  br 
the  areas  of  crystalline  rock  centered  over  Hudson  Bay,  the  Baltic 
Sea,  and  an  area  in  northeastern  Silseria  imown  to  geolo^sts  ss 
Angara  Land.  In  our  study  of  the  figure  of  the  earth  (Chapter  11) 
it  was  found  that  these  shields  represent  the  truncated  angles  of 
the  rounded  tetrahedral  form  toward  which  the  planet  is  tending 
(Fig.  3.  p.  12). 

Theories  of  origin  of  the  mountain  arcs.  —  The  mountain 
arcs,  when  studied  in  detail,  are  found  to  be  compoaed  of  closely 
folded  rock  strata,  the  flexures  of  which  are  generally  so  overturned 
that  their  axial  planes  dip  toward  the  center  of  the  arc  (Rg.  473). 
It  was  the  view  of  Suess  that  these  arcs  are  to  be  explained 
by  a  pushing  outward  of  the  rock  strata  from  the  center  of  the 
arc  toward  its  periphery,  thus  cau^ng  a  wrinkling  of  the  surface 
strata  and  an  overriding  of  the  surrounding  formations,  which 
upon  this  hypothesis  opposed  a  greater  resistance  to  the  sliding 
movement.     The  fol<^ng  together  of  the  strata  due  to  the  sltdiug 
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naturally  involves  a  very  considerable  diminution  of  the  surface 
area  presented  by  the  strata  (Fig.  22,  p.  42).  In  the  case  of  the 
Alpine  chains  it  has  been  estimated  that  a  flat  land  area,  four 
hundred  to  eight  hundred  miles  across,  has  by  the  folding  process 
been  reduced  to  a  width  of  only  about  one  hundred  miles,  or  from 
a  fourth  to  an  eighth  of  its  former  width. 

The  weakness  of  Professor  Suesa'  theory  lies  in  the  fact  that  , 
such  compression  as  it  implies  is  assumed  to  be  due  to  an 
outward  movement  of  the  relatively 
small  area  of  the  earth's  outer  shell 
which  is  included  within  the  arc.  It 
must  be  obvious  that  such  a  move- 
ment, being  from  a  center  toward  three 
ndes  at  once,  would  for  this  circum- 
scribed area  involve  enormous  pro- 
portionate reduction  in  superficial  area 
of  the  strata  and  could  only  result  in 
s  hiatus  near  the  center  of  the  arc. 
No  such  gap  is  to  be  found,  and  one 
would,  moreover,  be  difficult  to  account 
for  upon  any  plausible  hypothesis.  On 
the  other  hand,  the  general  contraction 
of  the  planet  as  a  whole,  involving 
as  it  does  reduction  of  surface  over 
large  areas,  is  a  well-recognized  fact ; 
and  if  it  be  true  that  the  shields 
formed  by  the  older  continents  are  less  subject  to  contraction  than 
the  remaining  portions  of  the  surface,  it  is  easy  to  understand  why 
the  earth's  outer  skin  should  be  wrinkled  by  under/Ming  and 
thrusting  about  these  continental  margins.  The  contrast  of  this 
view  with  that  of  Professor  Suess  is  expressed  in  the  diagrams  of 
Fig.  473. 

We  may  illustrate  this  conception  by  a  stretched  sheet  of  rub- 
ber cloth  such  as  ia  in  common  use  by  dentists,  upon  which  a 
thin  layer  of  hot  Canada  balsam  has  been  spread.  This  substance 
congeals  upon  cooling  to  near-normal  temperatures,  and  if  a  small 
local  area  of  the  balsam  layer  be  chilled  and  the  tension  upon  the 
rubber  then  released,  the  viscous  balsam  of  the  unchilled  portion 
of  the  layer  is  throivn  into  ntinkles  about  the  cooled  and  more 
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Fio,  473.  —  a,  diagram  to  iUiu- 
trato  the  Sucsa'  theory  of  the 
origin  o(  mountain  arcs  ;  b,  tbo 
BUthor'a  modificHtion   of   this 
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reofltaQt  areaa.    These  more  resistant  portions  of  the  j;tratam 
m^  thus  mptegeat  the  andent  continental  shields  of  our  ptaneL 

The  Atlantic  aa< 
^^^_  ^  Pacific  coaiti  ow- 
trasted.  —  III  Ui 
studies  of  moVB- 
t^n  arcs  in  Umv 
relation  to  tim 
plan  of  the  eartk, 
Professor  Sam 
has  shown  itow 
the  arrange 
of  the  mm 
chains  aboid  tte 
two  larger  oeMM 
represent  iwo 
strongly  eon- 
tbiwrt  fte  bari—  trasted  typei. 
"* "      '  Whereas   alioBt 

thePaeifienu^ 
the  mountun  area  are,  as  it  woe,  strong  in  festoons  wfaidi  tnad 
parallel  to  and  are  convex  toward  the  coast,  or  else  lie  in  trin^ng 
garlands  of  islands  in  the  same  attitude  (Fig.  474} ;  the  mountain 
chains  about  the  Atlantic  become  sharply  truncated  as  they  reach 
the  coast,  and  thus  indicate 
that  the  basin  of  this  ocean 
has  been  produced  by  an  in- 
throw  or  depres^on  between 
great  marginal  displace- 
ments  in  some  period  sub- 
sequent to  the  formation  of 
the  mountains. 

Thus  the  mountfdn  folds 
of  the  Appalachian  system 
are  in  Newfoundland  cut 
off  abruptly  at  the  coast 
line,    and    the    same    beds,    ^"^  *'^^-  —  The    iDtemipted    tystem   of  ibe 


similarly  truncated,  are  en- 
countered again  across  the 
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Powell). 


loDo  of  divorae  di*- 
□  the  Great  BaiuD  of 
United  States  (after 
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expanse  of  ocean  in  the  folds  at  the  coast  of  western  Europe  (Fig. 
475),  In  discontinuoua  remnants  this  ancient  mountain  chain  may 
be  traced  in  an  east  and  west  direction  across  western  and  central 
Europe.  We  have  thus  here  to  do  with  a  single  mountain 
8>'stem  which  extends  from  central  Europe  to  northern  Alabama, 
out  of  which  a  great  Unk  has  been  taken  by  the  subsequent- 
sinking  in  of  the  basin  of  the  Atlantic  Ocean. 

The  block  type  of  mountain.  —  The  inclusion  of  most  elevi 
tions  in  mountain  chain-s  and   arcs  is  one  of  the  most  obvim 
facts  to  any  one  who  has  examined 
world  atlases  with  this  subject  in 
mind.     Such  chains  are  almost  in- 
variably composed  of  folded  rocka, 
thus   indicating   that    erosion    has 
removed      great      superincumbent 
tnasses  of  strata  since  the   crustal     '^ 
compression  produced  the  folds  at     pi 
considerable  depths  below  the  then 
surface. 

There  are,  however,  large  elevated  tracts  upon  the  earth's  sur- 
face which  are  intersected  by  deep  valleys,  but  where  no  arrange- 
ment of  the  elevated  portions  within  chains  or  ranges  is  to  be 
detected.  In  such  cases  the  distribution  of  mountain  and  valley 
may  bear  a  resemblance  to  a  mosaic  of  disturbed  parts  which 
,  ^  stand    at    different     levels 

(Fig  47b) 

Suih  block  mountain  dis- 
tricts are  to  be  found  in 
many  parts  of  the  earth's 
surface  but  notably  within 
the  Great  Basin  of  the 
western  United  States,  and 
m  the  land  area  which 
borders  the  Indian  Ocean 
upon  the  west  and  north- 
west In  contrast  with  the 
mountain  arcs  so  strikingly 
exemphfied  by  the  continent  of  Asia  as  a  whole  its  extreme  south- 
western portion  IS  made  up  of  an  alternation  of  plateau  and  rift 
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valley  separated  from  each  other  by  great  displacemeDta.  Though 
modified  to  some  extent  by  erosion,  the  elevations  seem  generally 
to  represent  the  displaced  crust  blocks  which  in  mutual  adjusl- 
ments  have  been  left  at  the  highest  levels  (Fig.  477).  The  valley 
of  the  Jordan,  with  the  mountajns  of  Lebanon  rising  above  it.  is 
near  the  northern  extremity  of  this  faulted  mountain  refpon  (Fig. 
434.  p.  404),  while  the  Great  Rift  valley,  crossing  east  Cenlral 
Africa,  and  the  many  neighboring  rifts  to  the  east  and  west,  are 
graven  in  lines  so  deep  that  an  observer  upon  a  neighboring  planet 
might  perhaps  detect  them. 

It  is  not  necessary  in  all  cases  to  assume  that  the  block  moun- 
tains of  a  faulted  district  represent  the  blocks  which  in  the  ad- 
justments were  left  the  highest.  Erosion  in  the  course  of  time 
accomplishes  marvels  of  transformation,  and  it  may  result  that 
heavy  masses  of  more  resistant  rock  eventually  project  the  high- 
est, even  though  they  may  represent  the  downthrown  blocks  in 
the  fault  mosaic  (Fig  43  p  CO) 

Where  m  addition  to  undergoing  changes  of  level  the  earth 
blocks  have  been  tilted  the  features  long  since  descnbed  from  our 


1^1^ 


Fa  47tj —Tilted  enut  blocks  in  th«Queutamiwkll«)r 

western  interior  basin  as  "  Basin  Range  structure  "  are  deTe]< 
Here  the  upper  surface  of  the  disturbed  earth  blocks  betrays  the 
evidence  of  a  definite  tilt  in  some  one  direction  (Fig.  478,  and  Fig. 
431,  p.  402). 

Mountains  of  outflow  or  upheap.  —  An  important  type  of  moun- 
tain, generally  described  as  volcanic,  may  be  due  either  to  the  out- 
flow of  lava  at  the  earth's  surface,  or  to  accumulations  of  separated 
fragments  of  lava,  first  thrown  into  the  lur,  and  then  deposited 
by  gravity  or  admixed  with  water  as  volcanic  mud.  Such  moun- 
tains, both  before  and  after  modification  by  erosion,  assume  thf 
strikingly  characteristic  forms  which  have  l>een  fully  discussed  in 
Chapters  IX  and  X.     The  dominant  types  are  the  lava  dome  and 
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the  puy,  the  cinder  cone,  and  the  more  complex  composite  cone. 
Excepting  only  the  surface  produced  by  the  few  great  fissure  erup- 
tions and  the  semivolcanic  mesa  type,  the  individual  mountains 
of  volcanic  origin  develop  features  with  notably  circular  bases. 

Domed  mountains  of  uplift  —  laccolites.  —  At  a  considerable 
number  of  widely  separated  localities  upon  the  earth's  surface, 
mountMnous  regions  are  encountered,  the  central  areas  or  corea 


Tla.  47B.  —  PcD  drawiog  ol  the  Eaccolitc  of  the  Carriw)   Mountain 

Holmea,  which  shuws  the  jaegnl  surface  of  the  igncoUB  rock  core  and  Che  d( 
ing  tablea  which  Btill  rcmaJD  of  the  roof  of  Bcdimentary  rocka  (after  Croaa). 

of  which  are  composed  of  intrubivc  ignrous  rmk  MH'h  ua  granite, 
and  about  this  core  the  sediments  dip  unay  in  all  diret-tionit  as 
though    they 


had  once 
formed  a  con- 
tinuous roof 
above  it  and 
had  been 
forced  into 
this  dome  hy 
hydrostatic 
pressure  of 
the  once  vis- 
cous material 
beneath  (Fig 
152,  p  143, 
and  Figs  479 
and  480)  Ex- 
amples of  tuch 
domed  moun- 
tcuns  of  uplift 
were  first  de- 
scribed by 
Gilbert    from 


rea  h 

■OP'S 

ite.' 


Plo.  480.  — Map  of  laccolitic 
Judith  MouDtoiua.  Monlsua 
shown  in  black  (after  Weed). 


i 
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the  Henry  Mountains  of  Utah,  but  instances  are  fumishel 
many  elevated  tracts,  especially  within  the  western  United  9 
Such  mountains  are  known  i 
oolites,  but  when  one  margin  at  I 
]  of  the  igneous  core  correspontfe  to 
;  a  displacement,  the  mountain  is  He- 
^  scril>ed  as  a  bysmalite  (Fig.  481}. 
When  subjected  to  long-continued 
erosion,  the  generally  fissured  granilic 
core  of  the  laccolite  weathere  in  a 
°'  wholly  different  manner  from  the 
bedded  sediments  which  surround 
ver  it.     The  former  usually  presents  a 


ciililo  and  byBmslitc. 


and  still  in  part  mount 
more  or  less  jagged  surface  which  contrasts  sharply  wnth  the  genlij- 
sloping  tables  of  the  latter  (Fig.  479).  About  the  high  granite  core 
of  the  mountain,  the  several  strata  of  the  uptilted  formations  pre- 
sent each  a  steep  slope  toward  this  higher  land,  and  a  gentler  slope 
in  the  opposite  direction.  Such  unsymmetrical  ridges  which  sur- 
round the  mountain  area  are  often  referred  to  as  "  hog  backs " 
(plate  12  B).  The  arrangement  of  the  strata  in  the  hog  backs  thus 
presents  an  overlapping  series  like  the  shingles  upon  a  roof,  ex- 
cept that  the  overlapping  is  here  from  the  bottom  instead  of  the 
top,  and  the  exposed  ends  thus  face  toward  the  crest.  Unlike  a 
sliingle  roof  the  hog  backs  do  not  shed  the  watpr  which  descends  to 
theni  from  the  higher  levels,  but,  on  the  contrary,  they  cause  it  to 
flow  in  troughs  parallel  to  the  base  of  the  slope  except  where  oiitlels 
are  found  through  them. 

Mountains  carved  from  plateaus.  —  In  the  mountain  l)!))^ 
thus  far  discussed,  the  local  uplifting  of  the  land  has  itself  developed 
features  which  in  the  aggregate  may  be  referred  to  as  mountains, 
even  though  the  characters  of  the  original  surface  are  soon  At- 
stroyed  by  erosive  processes  of  one  sort  or  the  other.  Eroaw 
processes  are,  however,  quite  competent  to  produce  mountain 
forms  from  a  featureless  plateau,  and  particularly  through  the 
incision  by  streams  of  running  water,  the  tiest  studied  process  of 
mount^n  sculpture  (see  Chapters  Xl-Xlll).  This  process  of 
throwing  valleys  about  an  elevated  section  of  the  earth's  surface, 
and  so  carving  out  mountains,  is  sometimes  described  as  drcum- 
vcdlaHon;   and  if  the  term  "mountain"  be  applied  in  its  ordinar\' 


THE   ORIQIN  AND  THE  FORMS  OF  MOUNTAINS      443 

sense  to  describe  an  individual  feature,  it  is  clear  that  most  moun- 
tains  have  been  formed  in  this  way. 

To  discuss  the  characteristic  shapes  of  such  mountains  would 
be  largely  to  review  the  contents  of  this  book,  and  especially  those 
portiona  which  discuss  the  character  profiles  resulting  from  the 
action  of  each  sculpturing  or  molding  agent.  The  work  of  frost 
and  other  weathering  agencies,  of  running  water,  of  mountain  and 
of  continental  glacier,  would  all  have  to  be  considered  in  order  to 
evolve  the  history  of  each  mountain. 

In  addition  to  discovering  the  agents  which  were  chiefly  re- 
Bpon^ble  for  the  shaping  of  the  mountain,  we  may,  further,  in 
many  cases  determine  at  what  stage  the  work  of  one  agent  has 
been  succeeded  by  that  of  another,  and  at  least  at  what  stage 
of  its  complete  cycle  of  activity  the  latest  agent  is  now  at  work. 

The  climatic  conditionB  of  the  mountain  sculpture.  —  Since 
the  different  geolo^cal  agencies  operate  either  in  a  dilTerent  r 


Fw.  482.  —  The  gabled  facade  bo  largely  developed  in  desert  landacapos  and 
sharply  conlmsted  with  the  rpcurring  ourvea  In  the  laudscBpes  of  humid  dialricts 
(from  a  paintiag  of  the  Grand  Cafioa  ot  the  Colorado  by  Mciran]. 

ner  or  with  differences  in  vigor  according  to  the  varying  climatic 
conditions,  the  mountains  of  arid  regions  may  in  most  cases  be 
readily  differentiated  from  those  of  the  more  habitable  humid  sec- 
tions of  country.  In  broad  lines  these  differences  may  be  summed 
up  in  the  greater  prevalence  of  the  curving  line  within  the  land- 
scapes of  humid  districts.  This  may  l>e  largely  ascribed  to  the 
influence  of  the  mat  of  vegetation,  which  protects  the  rock  sur- 
face from  more  rapid  mechanical  degeneration,  and  arrests  the 
sliding  movements  within  the  already  loosened  rock  debris.  In 
place  of  the  reversed  curves  of  the  lines  of  beauty,  so  generally 
observed  in  the  landscapes  of  well-watered  regions,  the  desert 
lands  present  ever  a  repetition  of  the  vertical  cliff  alternating  with 
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a  sort  of  many  gabled  fa(;ade  which  is  occa^onally  due  to  tnincft- 
tion  of  mountain  spurs  by  the  waves  of  former  lakes,  but  far  more 
often  the  outlines  of  debris  cones  built  up  beneath  each  prominent 
joint  of  the  cliff  walls  (Fig.  482). 

The  eSect  of  the  resistant  stratum.  —  In  a  striking  mamier 
mountain  landscapes  may  disclose  the  influence  of  the  divetsified 
rock  materials  and  of  the  roek  structures  as  well.  After  proloagi-d 
erosion  there  is  likely  to  be  little  correspondence  between  the  posi- 
tions of  the  anticlinal  folds  and  the  crests  of  the  higher  mountains. 
Such  mountains  are,  in  fact,  much  more  likely  to  rise  over  syn- 
clines  than  upon  the  site  of  anticlines.  The  traveler  who  enten 
the  Alps  by  any  of  the  several  railways,  or  who  journeys  by  steamer 
over  the  beautiful  lake  of  Lucerne,  has  a  most  favorable  oppor- 
tunity to  study  the  position  of  the  rock  folds  in  the  mountaia 
sections  that  are  unrolled  in  succession  before  him.  Rarely  in- 
deed will  he  find  a  definite  anticline  in  correspondence  with  a  mouQ- 
tam  peak  for  the  layers  which  are  most  resistant  have  developed 
I  he  peaks  and  it  is  because  the  outer  layers  of  the  anticlines  open 
by  local  tension  {see  Fig   26,  p  45)  that  they  were  first  cut  away 

_^ by  erosion,  so  that  the  hard 

_  ^    -^         -,         ~      layers   within   the   synclines 

-c- — '      '    .^''"^'"^fir-^    -^     ^^   likely  to  constitute  the 

-|Sm^  '^*'*"  iiM.T   _  peaks  within  the  existing  sur. 

""  face. 

~  When,  as  sometimes  hap- 

FiQ.  4S3.  — TheMythen.  romposodofJuraa-  ,,  ,    ... 

upon  sortCT  Tertiary  formatiooa.     View  more  resistant  beii  has  hwu 
from  a  balloon  (atwr  a  photograph  by  c.  folded  back  Upon  younger  and 
'"^  softer  formations,  an  isolatal 

remnant  may  be  found  "  unrooted  "  to  its  base,  upon  which  it  ap- 
pears as  though  floating  within  a  billowy  sea  of  the  softer  forma- 
tions (Fig.  483). 

The  mark  of  the  rift  in  thp  eroded  mountains.  —  Applying 
the  term  "mountain"  in  its  collective  sense  for  a  circumscrilj«l 
area  of  uplifted  crust,  whether  represented  to-day  by  a  folded  or 
a  faulted  complex,  a  lava  mass,  or  a  granite  dome;  the  period  of 
uplift  has  marked  the  beginning  of  the  activity  of  sculpturing 
agencies.  By  these  the  mass  is  pared  down  as  it  is  shaped  into 
<   more  or  less  intricate  design   of  component  and   essentiaUy 
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r^ieatmg  units.     In   the   vernacular  the  word   "mountain" 
applied  to  these  units  into  which  the  larger  mountain  mass  i 
subdivided. 

It  has  been  one  of  the  main  objects  of  this  work  to  point  out 
that  the  peculiar  shapes  of  these  elementary  mountains  are  each 
characteristic  of  the  erosive  agents  which  produced  them,  and  that 
each  surface  has  marks  which  may  be  recognized  in  those  lines  a 
profile  which  recur  within  the  land- 
scape—  the  character  profiles.  In 
the  subdivision  of  the  larger  mass 
—  the  genetical  mounttun  — to  form 
the  numerous  smaller  masses  —  the 
erosional  or  drcujnvallaiiomil  moun 
tains  —  there  is  disclosed  a  pattern 
of  fractures  which  has  guided  the  *'-*"_ 
erosional  agents  in  their  incisional  f,o  4S4  ^  The  bBttlement  type  « 
operations  (see  Chapter  XVII).  In  mobioii  mountamfl  Die  Drd  Z 
high  altitudes,  where  the  action  of 
frost  is  so  potent  in  pr>-ing  at  the 

wider  fractures,  this  subdivision  of  the  mass  may  be  revealed  I 
the  sculpturing  of  squared  towers  or  battlements  (Fig.  484). 

For  other  examples  in  which  the  sculptured  surface  is  largely 
the  handiwork  of  a  single  erosional  agent,  as  over  vast  areas  in  the 
Canadian  wilderness,  the  revelation  of  the  fracture  design  is  no 
less  apparent.     Here  a  series  of  crystalline  rocks  underlie  broadj 
expanses  of  territory  and  are  without  noteworthy  variations  c 


hardness  and  almost  bare  of  surface  debris.     Sculptured  beneath  i 
mantling  ice  sheet,  excavation  has  naturally  been  concentrate 
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above  tlie  more  widely  gaping  fissures  of  the  joint-fault  system, 
doubtless  already  marked  out  in  the  river  network  which  the 
glacier  overrode.  The  result  has  been  a  division  of  the  suiiare 
into  a  series  of  low,  oval  ridges  or  hummocks,  which  over  vast  areas 
are  repeated  with  monotonous  regularity.  Wherever  the  lower 
levels  have  been  flooded,  sjinmetrical  low  islands  of  nearly  uni- 
form elevation  rise  from  the  expanse  of  water  and  may  be  counted 
by  thousands.  Though  the  smaller  islands  have  notably  reguUr 
shore  lines,  the  larger  ones  disclose  their  composition  from  smaller 
units  by  the  breaking  of  their  shores  into  similar  ba>'S  spaced  with 
regular  intervals  (Fig.  485,  and  Figa.  243  and  245,  p.  229). 

The  ever  repeating  fracture  design  of  the  earth's  crust  is  not 
restricted  to  the  mountain  masses  which  it  has  broken  up,  and  the 
unity  of  which  it  has  done  so  much  to  conceal.  It  extends  far 
outside  the  margin  of  these  masses,  and  is  in  fact  common  to  whole 
continents  and  perhaps  even  to  the  planet  as  a  whole.  The  part 
played  by  this  design  of  fractures  in  the  control  of  the  sculpture 
of  landscapes  it  would  be  hard  to  overestimate.  Through  \t& 
influence  the  striking  features  molded  by  one  agent  have  been 
merged  in  the  contrasted  shapes  developed  by  another.  It  is  the 
great  outline  blender  in  the  creation  of  nature's  masterpieces  of 
form  and  color.  Thus  the  lines  of  this  mysterious  fracture  net- 
work, though  stamped  in  indelible  characters  upon  our  landscapes, 
are  generally  lost  in  the  ensemble  effect  and  may  long  remain  un- 
discovered. Like  a  moss-grown  inscription  upon  a  slab  of  nmrblt, 
though  veiled,  it  may  yet  be  deciphered ;  and  if  the  veil  be  with- 
drawn, the  runic  characters  are  disclosed,  and  one  of  nature's  lam 
lies  open  before  us. 
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APPENDIX   A 

THE    QUICK   DETERMINATION   OF  THE   COMMON    MINERALS^ 

Before  one  may  gain  a  knowledge  of  rocks  or  the  architecture  of  th«r  1 
arrangement  within  the  earth's  cruat,  it  is  quite  essential  that  son 
miliarily  should  be  acquired  with  the  appearance  and  properties  of  the 
.  commonest  minerals,  and  particularly  ttkoae  which  enter  as  essential 
constituents  into  the  more  abundant  roeks.  To  be  a  competent  mineralo- 
gy, one  must  have  a  rather  extended  knowledge  both  of  inorganic  chem- 
istry and  of  the  science  of  crystallography,  which,  fascinating  as  it  is  to 
study,  involves  some  technical  knowledge  of  mathematics  and  much 
laboratory  experience.  Though  necessary  to  any  one  who  contemplates 
making  a  career  as  a  geologist,  this  special  study  is  not  essential  to  a 
cultural  course  like  the  present  one.  The  attempt  will  here  be  made  to 
bring  together  a  body  of  fact,  from  the  study  of  which  the  student  may 
quickly  leani  to  recognize  the  commonest  minerals  in  their  usual  va- 
rieties. The  teste  he  ia  to  apply  are  mdnly  phj-sical,  and  in  place  of  an 
elaborate  discussion  of  crystal  symmetry,  pictures  only  can  be  supplied. 

To  the  beginner  the  usual  textbook  of  mineralogy  ia  difficult  to  read 
intelligently,  for  the  reason  that  for  each  mineral  species  it  sets  before  him 
a  catalogue  of  each  physical  property  in  its  turn,  with  little  indication  of 
those  data  which  in  the  individual  case  have  special  diagnostic  value. 
None  the  less,  however,  the  student  is  advised  to  consider  the  several 
properties  of  each  mineral  in  a  definite  order,  and  the  following  may  serve 
as  well  as  any:  crystal  or  other  form,  cleavage,  fracture,  luster,  color, 
streak,  transparency,  tenacity,  hardness,  magnetism,  and  specific  gravity. 
In  endeavoring  to  connect  the  specific  values  of  these  properties  with 
individual  mineral  species,  the  chemical  composition  and  the  manner  of 
occurrence  arc  not  to  be  forgotten.  It  is  well  for  the  student  to  be 
supplied  with  a  small  pocket  lens  and  with  a  pocket  knife  the  blade  of 
which  has  been  magnetized. 

Crystal  (orm.  —  Some  mineral  species  generally  occur  in  more  or  less 
definite  crystals  —  are  bounded  by  definite  plane  surfaces  developed  when 
the  mineral  was  formed ;  others  in  groups  of  interfering  crystals  or  aggre- 
gates, in  which  case  the  mineral  is  said  to  be  crystalline;  while  still  others 
are  rarely  found  crystallized  at  all.  Thus  in  a  given  case  crystal  form 
may,  or  may  not,  be  important  for  the  diagnosis  of  the  substance.    If 
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a  mineral  species  is  usually  to  be  found  in  crystals,  the  student  a 
be  aware  of  the  fact,  and  if  possible  should  have  a  mental  picture  of  the 
common  crystal  shape  or  shapes.  Without  an  extended  knowledge  of 
crystallography,  this  must  be  supplied  him  by  drawing.  Since  crra- 
tals  of  most  sjiecies  are  apt  to  t>e  distorted,  owing  to  the  fact  that  some 
planes  within  the  same  group  appear  upon  the  crystal  with  a  larger  de- 
velopment than  others,  it  is  convenient  to  remember  that  markings,  surh 
as  lines  or  etchings  upon  the  crystal  faces,  are  the  same  throu^out  tho 
same  group  of  planes,  and  in  the  text  figures  such  groups  of  planes  art 
indicated  by  the  use  of  a  common  letter.  For  crystaUine  t 
such  t«rms  as  fibrous,  radiating,  massive,  or  granular  have  their  a 
meanings. 

Cleavage.  —  It  is  characteristic  of  most  crystals  that  they  bre 
cleave  along  certain  directions  so  as  to  leave  plaae  or  nearly  plar 
and  the  luster  of  the  cleaved  surface  measures  the  perfection  of  the  ij 
age  property.  It  is  important  always  to  note  how  many  such  dire 
of  cleavage  are  present,  and,  roughly  at  leo^,  at  what  angles  they  in 
sect  —  whether  they  are  perpendicular  to  each  other  or  inclined  at  some 
other  angle.  Further,  it  should  be  noted  whether  a  given  clea\'agc  i:^ 
perfed,  that  is,  easy,  which  will  be  indicated  by  the  thinness  of  the  plates 
which  can  be  secured.  An  extremely  perfect  cleavage  is  possessed  hy 
the  mineral  mica,  whose  plates  are  thinner  than  the  thinnest  paprr.  In 
the  case  of  imperfect  or  interrupted  cleavage,  the  fracture  surfaces  arc 
not  plane  throughout  but  interrupted,  the  surface  "jumping"  from  ohh 
plane  to  a  neighboring  parallel  one.  It  is  especially  important  to  nott? 
whether,  in  the  case  of  several  cleavages  possessed  by  a  crystal,  alt  hace 
the  same  degree  of  perfection,  or  whether  they  exhibit  differences. 

Fracture.  —  In  minerals  with  poorly  developed  cleav^e,  the  frac- 
ture surface  is  described  as  fracture.  Fracture  is  thus  perfect  in  pro- 
portion as  cleavage  is  imperfect.  The  fracture  is  described  as  conchg- 
dal  when  it  shows  wa\'ing  spherical  surfaces  like  broken  glass.  , 
fine  aggregates  the  fracture  is  described  as  even,  uneven,  earthy,  I 
names  which  are  generally  inteihgible. 

Luster.  —  This  term  is  applied  especially  to  the  manner  in  which  tt 
b   reflected    from   mineral   surfaces.     The   most   important    distinclioo 
is  made  between  those  minerals  which  have  a  melullic  luster  and  thiwo 
which  have  not,  the  former  being  always  opaque.     Otlier  rharact 
lusters  are  adamantine    (like    oiled  glass),    vitreous   (glaaoy),   i 
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Color,  —  For  minerals  which  possess  metallic  luster  the  color  is  & 
practically  the  same,  and  hence  it  becomes  a  valuable  diagnostic  property. 
Of  minerals   which  have   nonmetallic  luster,  the  color  may  be  ain-ays 
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e  same  ana'Tience  characteristic,  but  \a  the  case  of  many  minerals  it 
ranges  between  wide  limits  and  sometimes  runs  almost  the  entire  gamut 
of  hues,  yet  without  appreciable  changes  in  the  chemical  composition  of 
the  mineral. 

Streak.  —  This  term  is  applied  to  the  color  of  the  mineral  powder, 
and  is  usually  fairly  constant,  even  when  the  surface  color  of  dllTerent 
specimens  may  vary  within  wide  Umits.  In  the  case  of  fairly  soft  minerals 
the  streak  is  best  examined  by  making  a  mark  on  a  piece  of  unglazed 
porcelain  (streak  atone). 

Transparency  (diaphaneity). —The  terms  "transparent,"  "translucent," 
"subtranalucent,"  and  "opaque"  are  used  to  describe  decreasing  grades 
of  permeability  by  hght  rays.  Through  transparent  bodies  print  may 
be  read,  while  translucent  bodies  allow  the  light  to  be  transmitted  in 
considerable  quantity  through  them,  though  without  rendering  the  image 
of  objects. 

Tenaclij.  —  This  comprehensive  term  includes  such  properties  as 
brittleness,  flexibility,  elasticity,  malleability,  etc, 

Hardneas.  —  Quite  erroneous  notions  are  held  concerning  the  mean- 
ing of  this  very  common  word,  which  properly  implies  a  resistance  offered 
to  abrasion.  It  is  one  of  the  most  valuable  properties  for  the  quick  de- 
ination  of  minerals,  since  minerals  range  from  diamond  upon  the  one 
band  —  the  hardest  of  substances  —  to  talc  and  graphite,  which  are  so 
■oft  aa  to  be  deeply  scratched  by  the  thumb  nail.  For  practical  pur- 
poses it  is  sufhcient  to  make  use  of  a  rough  scale  of  hardaess  made  up 
from  common  or  well-known  minerals.  If  we  exclude  the  gem  minerals, 
this  scale  need  include  but  seven  numbers,  wluch  are :  talc,  1 ;  gypsum,  2 ; 
calcite,  3 ;'  fluor  spar,  4 ;  apatite,  5 ;  feldspar,  6 ;  and  quartz,  7.  A  pven 
mineral  is  softer  than  a  mineral  in  the  scale  when  it  can  be  visibly  scratched 
by  a  scale  mineral,  but  \vill  not  leave  a  scratch  when  the  conditions  are 
reversed.  If  each  will  scratch  the  other  with  equal  readiness,  the  two 
minerals  have  the  same  hardness. 

Since  it  may  often  be  desirable  to  test  mineral  hardness  when  no  scale 
is  at  hand,  the  following  substitutes  may  be  made  use  of:  1,  greasy  feel 
and  easily  scratched  by  the  thumb  nail ;  2,  takes  a  scratch  from  the  thumb 
nail,  but  much  less  readily ;  3,  scratched  by  a  copper  coin  and  very 
easily  by  a  pocket  knife;  4,  scratched  without  difficulty  by  a  knife; 
,  scratched  with  difficulty  by  a  knife,  but  easily  by  window  glass; 
6,  scratched  by  window  glass ;  7,  scratches  window  glass  with  readiness, 
'but  a  grain  of  sand  may  be  substituted  to  represent  quartz  in  the  scale. 

M agnetiam.  —  Though  nearly  all  minerals  which  contain  important 
quantities  of  the  elements  iron,  cobalt,  or  nickel  may  be  attracted  to 
strong  electromagnet,  there  are  but  two  common  minerals,  and  these 
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of  widely  different  appearance,  whose  powder  is  lifted  by  a  c 
magnet.     Others  are,  however,   lifted  after  strong  heating  in  the  «Jr 
(ignition),  and  this  is  a  valuable  test. 

Specific  eravitjr.  —  Rough  testa  of  relative  weight,  or  specific  gra\Hty, 
may  he  made  by  lifting  fair-sized  Bpecimens  tn  the  hand.  Better  deter- 
minations require  the  use  of  a  spring  balance. 

Treatment   with   add.  —  The   carbonate  minerals   react   with  wsnn 
and  dilute  mineral  acid  so  as  to  pve  a  boiling  effect  (effer 
aioce  carbonic  acid  gas  eacapea  into  the  (ur  in  the  process. 


PROPERTIES    OF  THE   COMMON    MINERALS 

The  more  important  common  minerals  fall  into  two  classes  according 
as  they  have  large  economic  importance  as  ores,  or  enter  in  an  i] 
tant  way  into  the  compo^ljon  of  rocks. 


I.    The  Minerals  of  Economic  Importance 


iimnM 


Hematite.  —  The  sesquioside  of  iron,  FeiOi,  and  by  far  the  most  tn^)0^- 
tant  ore  of  iron.  Rarely  in  good  crystals,  but  sometimes  in  thin  opaque 
scales  bearing  some  resemblance  to  mica  and  known  as  micaceous  or 
specular  iron  ore.  At  other  times  in  nodules  built  up  from  radial  needles 
(needle  ore) ;  in  hard  masses  mixed  with  fine  quartz  grains  (hard  he(a»- 
tite) ;  or  in  soft  reddish  brown  earth  (soft  hematite).  Color,  black  to 
cherry  red.  The  powdered  mineral  always  cherry  red  or  reddish  brown, 
and  easily  lifted  by  the  magnet  after  ignition.  Hardness  5.5-«..i; 
spcci6c  gravity  5. 

MaEnetite.  —  The  magnetic  oxide  of  iron,  FcjOi,  often  in  crj-stals  lilm 
Fig.  486,  1-2.  Black  and  opaque  with  a  metallic  luster.  Streak  hladi. 
Lifted  by  a  magnet  and  sometimes  itself  capable  of  lifting  filings  of 
soft  iron  (lodestone).     Hardness  5,5-6.5,     Specific  gravity  5. 

Limonite,  —  The  moat  abundant  and  most  valuable  of  the  faj'dnted 
iron  ores,  2  Fe^Os .  3  HiO,  Chemical  composition  the  same  as  iron  rust. 
with  which  in  the  earthy  form  it  is  identical.  Nevsc  in  crystals,  but  often 
in  mammillary  or  rounded  pendant  forms  resembling  idclee,  or  somt- 
times  clusters  of  grapes.  Its  yellow  (rust)  streak  is  its  best  diagnostic 
property.  Ignited  it  gives  off  water  and  becomes  magnetic.  The  streak 
and  its  notably  lower  specific  gravity  distinguish  it  from  certain  forms  of 
hematite  which  it  outwardly  resembles.  Hardness  5-5.5.  Specific 
gravity  3.6-4, 

Pyrite,  iron  pyrites,  or  "fool's  gold,"  — The  stilphide  of  iron,  FeS(. 
The  most  widely  distributed  sulphide  mineral  and  now  a  chief  source  of 
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I  the  great  chemical  reagent,  eulphuric  acid  or  vitriol.  Often,  but  not  al- 
V  ways,  in  pryatals  (Fig.  486,  3-S)  which  have  peculiar  strife  upon  their 
faces.  At  other  times  the  mineral  ia  found  massive  or  in  radiated  needles. 
Bright  metallic  luster  with  the  color  of  new  brass,  though  often  tarnished 
or  altered  upon  the  surface  to  limonite.  Hard  and  brittle,  and  so  dis- 
tinguished from  goid,  which  is  soft  and  malleable  and  of  the  color  of  the ' 
paler  old  brass  (which  contained  a  larger  percentage  of  zinc).  Gold  is,, 
further,  about  four  times  as  heavy  as  pyrite.  Hardness  6-6.5.  Specified 
gravity  5. 

Chalcopyrite,  copper  pyrites.  —  A  mixed  sulphide  of  copper  and  iron. 
If  in  crystals,  hke  Fig.  486,  6 ;  otherwise  massive  or  compact.  Luster  me- 
taUic.  Color  orange-yellow,  often  with  local  blue  and  green  iridescence 
like  a  pigeon's  throat.  Distinguished  from  pyrite  by  the  deeper  color 
and  lower  hardness,  and  from  gold,  particularly,  by  its  brittleness  and 
lower  specific  gravity.     Hardness  3.5-4.     Specific  gravity  4. 

Galenite,  galena.  —  Sulphide  of  lead,  PbS.  The  chief  ore  of  lead,  and, 
from  admixture  of  a  silver  mineral,  of  silver  as  welt.  Usually  found  in  j 
crystals  (Fig.  486, 7).  Always  cleaves  into  blocks  bounded  by  six  very 
perfect  rectangular  faces  which,  when  freshly  broken,  show  a  bright  eni-' 
VCTy  luster  and  quickly  tarnish  to  a  peculiarly  "  leaden  "  surface.  Very 
heavy.     Color  and  streak  lead-gray.     Hardness  2.5.     Specific  gravity  7.5, 

Sphalerite,  zinc  blende.  —Sulphide  of  zinc.  ZnS.  usually  nith  considerable 
admixture  of  sulphide  of  iron.  The  great  ore  of  zinc.  Not  infrequently 
in  crystaLi  {Fig.  286,  8-0),  but  more  often  in  cleavable  crystalline 
a^regat«8.  The  cleavage  in  fine  aggregates  is  somethuea  difficult  to 
make  out,  but  in  coarse-grained  masses  it  is  seen  to  be  equally  and  highly 
perfect  in  six  different  directions,  so  that  a  symmetrical  twelve-faced  form 
tnay  sometimes  be  broken  out  (dodecahedron).  Luster  like  that  of  rosin 
(rosin  jack),  though  when  with  large  iron  admixture  the  color  may  approach 
black  (black  jack).  The  lighter  colored  varieties  are  translucent.  Hard- 
ness 3.5-1.    Specific  gravity  4. 

Malachite.  —  Hydrated  (basic)  copper  carbonate.     The  green  copper] 
ore  and  the  common  surface  alteration  product  of  other  copper  minerolB, 
Usually  has  a  microscopic  structure  made  up  of  fine  needle-like  cryst 
but  generally  massive  in  various  imitative  shapes  not  unlike  those  of 
iron  ores.     Sometimes  earthy.     Its  color  ia  bright  green,  and  it  is  usuall; 
found  in  association  with  other  characteristic  copper  ores,  such  as  ch 
copyrite  and  azurite.     When  relatively  pure  and  in  large  masses,  it 
a  beautiful  ornamental  stone.     Effer\-eaces  with  acid.     Hardness  3.5- 
Specific  gravity  4, 

Azurite.  —  Hydrated    (basic)    copper  carbonate,   leas  hydrated  th 
malachite,  and  known  as  the  blue  carbonate  of  copper.     Generally 
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very  minute  and  quitc^  complex  crystals,  but  also  in  imitative  stiapes 
umtlar  to  those  of  malachite,  and  at  other  times  earthy.  Slightly  lighter 
in  weight  than  malachite,  from  which  it  ia  easily  distinf^ished,  as  from 
most  other  minerals,  by  its  bright  azure  blue  color  and  its  somewhat 
lighter  blue  streak.  Effervesces  with  nitric  acid.  Hardness  3.5-4^ 
Specific  gravity  3.7-3.8.  | 

Coldte.  —  Calcium  carbonate,  CaCOi.    Almost  always  in  crystals  (Fig,^ 
286,  10-13),  or  in  confused  crystal  aggregates,  though  rarely  fibrous  or 
dull  and  earthy.     Some  of  the  forms  of  the  crystals  are  described  as 
"  dog-tooth  spar,"  others  as  "  nail-head  spar,"  while  stiU  others  are  modi- 
fied hexagonal  priisnis.     There  is  a  beautifully  perfect  cleavage  of  the 
mineral  along  three  directions  which  make  angles  of  about  105°  with  each 
other,  so  that  under  the  hammer  the  substance  breaks  into  blocks  which 
are  shaped  like  the  crystal  of  Fig.  486,  10.     Usually  white  or  gray,  but 
occasionally  faintly  tinted.     Streak  white.      Effervesces  with   cold 
dilute  mineral  acids.     An  associate  of  many  ores  and  the  chief  mini 
of  limestone.     A  similar  mineral  —  dolomite  —  contains  in  addition  n: 
nedum  carbonate,  has  simpler  crystals  (like  the  drawing  of  Fig.  486, 
butoftcn  with  rounded  faces),  and  effervesces  only  when  the  acid  is  warmc 
Hardness  3.     Specific  gravity  2.7, 

Gn>Bum.  —  Hydrated  calcium  sulphate,  CaSO)  .2  HiO,  and  the  source 
of  plaster  of  Paris.  Often  in  simple  crystals  (Fig.  487,  i)  or  else  "  swal- 
low tail,"  like  Fig.  487,  2,  in  which  ease  the  mineral  ia  generally  either 
transparent  or  translucent  and  is  described  as  selcuitc.  Such  crystals 
show  a  cleavage  approaching  in  perfection  that  of  the  micas,  but,  unlike 
the  mica  laminffl,  those  produced  by  cleavage  in  gj-psum  though  flexible 
are  not  elastic.  There  are  also  fibrous  forms  of  gypsum  (satin  spar), 
a  fine-grained  form  (alabaster),  and  the  impure  earthy  form  (rock  gyp- 
sum). Very  soft,  light  in  weight,  and  difficultly  fusible.  Color  usually 
white,  gray,  or  pale  yellow.     Hardness  2.     Specific  gravity  2,3. 

Copper  glance.  —  A  sulphide  of  copper,  CujS.  Not  usually  well  crj-stal- 
lizcd,  but  generally  massive  and  associated  or  variously  admixed  with 
other  copper  ores  such  as  chalcopyrite,  malachite,  etc.  Fracture  con- 
choidal,  luster  metallic,  color  and  streak  blackish  lead-gray,  though  of) 
tarnished  blue  or  green  from  surface  alterations  to  the  copper  carbonat 
Softer  and  heavier  than  chalcopyrite.  Blowpipe  or  chemical  teats  are  ni 
cssary  for  its  identification.     Hardness  2.5-3.     Specific  gravity  5.5-5." 

CerusBite.  —The  white  or  carbonate  lead  ore,  PbCOj,  and  an  important 
ore  of  silver  as  well.  Often  in  crystals  of  considerable  complexity,  though 
Fig.  487,  3-4,  shows  some  common  shapes.     Often  granular,  massive,  or 
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earthy  (gray  carbonate  ore).     Very  brittle  and  with  conchoidal  fractuitufl 
The  luster  is  adamantine  or  like  that  of  oiled  glass.    Color  generall||^| 
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white  or  gray.  Very  heavy,  the  heaviest  of  light  colored  and  noometnilic 
minerala.  Diaaolves  m  nitric  acid  »-ilh  effervescence.  Hardneaa  3-3.5. 
Specific  gravity  6,5, 

Siderite.  ~  The  carbonate  or  "  epathic  "  ore  of  iron,  FeCO,.  Ether 
in  crystals  resembling  in  form  Fig.  486,  10,  but  with  rounded  faces,  or 
cleavable  massive  to  finely  granular  and  earthy.  The  crystalline  varieties 
cleave  easily  into  smaller  blocks  of  the  same  form  as  those  of  calcite.  Culor 
usually  gray  or  brown  and  streak  white.  On  strongly  igniting,  the  white 
powder  becomes  black  and  magnetic.  Lighter  in  both  color  and  wdght 
than  the  other  iron  ores,  and  unlike  them  siderite  effervesces  with  add. 
Distinguished  from  calcite  by  its  higher  specific  gravity  and  its  change 
upon  being  ignited.     Hardness  3.5-i.     Specific  gravity  3.9. 

Smlthsonlte.  —  Carbonate  of  zinc,  ZnCOj,  and  an  important  on-  of 
that  metal,  SeUlom  found  in  crj'stala  except  as  a  replacement  of  calcite 
crystals,  in  which  case  it  shows  the  forms  characteristic  of  the  latter  min- 
eral. Usually  kidney-shaped,  stalactitic,  or  else  in  incrustations  upon 
other  minerals.  Sometimes  grantdar  or  earthy.  Brittle.  Luster  vitny 
ous,  color  white  or  greenish  gray,  though  often  stoned  yellow  with  ima 
rust.  Streak  white  except  when  the  mineral  is  stained  witlt  iron.  Ef- 
fervesces with  warm  acid.     Hardness  5.     Specific  gravity  4.4, 

PyrDluEtte.  —  Black  oxide  of  manganese,  MnO„  though  generally  im- 
pure from  admixture  with  other  manganese  oxides.  Usually  in  intricate 
aggregates  whicli  may  be  columnar,  fibrous,  manunillary,  earthy,  etc. 
Opaque,  with  color  and  streak  both  black.  Soft  and  easily  soils  the  Sngen. 
With  hydrochloric  acid  gives  off  the  choking  fumes  of  chlorine.  Hard- 
ness 2-2.5,     Specific  gravity  4.8. 

n.  The  Minerals  important  as  Rock  Hakera 
These  minerals  are  in  most  cases  complex  silicates  of  one  or  more  of  a 
certfun  number  of  metals  such  as  aluminium,  calcium,  nmgnesium.  iron, 
sodium,  potassium,  or  hydroxyl  (OH),  For  their  identification  an  n- 
amination  of  the  physical  properties  is  usually  sufiScient,  whereas  of  tlw 
typical  ore  minerals  already  considered,  additional  chemical  tests  may  be 
necessary. 

Feldspars,  —  A  group  of  similar  alumino-silicates  of  potassium,  sodium, 
and  calcium.  The  most  important  of  all  rock-making  minerals.  Althou^ 
with  wide  variation  in  chemical  compoation,  the  feldspars  are  yet  broadly 
divided  into  two  classes;  the  one  striated,  and  the  other  an  unstriated 
potash  or  orthoclase  variety.  The  pocket  lens  is  usually  ni^cessary  in  order 
to  make  out  the  striatioas  upon  the  crystal  or  cleavage  surfaces.  When 
formed  in  veins,  feldspar  appears  in  crystals  (Fig.  487,  6-6),  liut  as  a  rock 
constituent  the  mutual  interference  of  crystals  prevents  the  develoimwnt 


APPENDDt  A 


IS  ^       i6 

Fio.  487.  — Forms  of  CryEtaU:  1'2,  gypsum;  3-4,  ccnisaite  :  6-6,  letdapar  ;  7, 
quarU  :  8,  pyroirae  (t^rooa  section);  0,  hornblende  (crosa  ■ectwn)  :  10.  EBniet; 
11,  aephelito;  12-14,  Etaurolite;  15-lS,  toumiKUae  (otOM  sectlona) ;  17,  oUtitia. 
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of  bounding  faces.  Two  cleftvage  directions,  nearly  or  quite  perpendin 
to  each  other,  are  notably  different  in  their  perfection.  Hard  enough 
to  scratch  glass,  but  eaaily  scratched  by  sand.  Color  pink  (usually  ortho- 
clase  or  nucrohne),  white  (often  aJbite)  to  gray.  Sometimes  with  besuti- 
tul  "  pigeon's  throat  "  effect  of  iridescence  (labradorite).  Low  specific 
gravity.     Hardness  6.     Specific  gravity  2.5-2.8. 

Quartz.  —  Oxide  of  silicon  or  silica,  SiO^  Both  an  important  vela 
mineral  associated  with  the  ores  and  a  rock  maker.  In  the  former  cue 
particularly,  often  in  crystals  of  notably  simple  forma  (Fig.  4S7,  7).  Few 
minerals  wliich  are  not  gems  are  so  hard.  Remarkable  freedom  from 
cleavage  so  that  the  mineral  breaks  much  like  window  glass  —  conchoidal 
fracture.  Wide  range  in  both  transparency  and  color.  Transparent  uiii 
colorless  crystalline  variety  (rock  crystal),  brqwu  translucent  (smoky 
quartz),  turbid  white  (milky  quartx).  and  various  colored  \-anetie9  (e«^ 
nclian,  jasper,  jet,  etc.).  Insoluble  in  acids  and  infusible.  Hardness  7. 
Specific  gravity  2.6. 

Micas.  —  Like  the  feldspars  a  group  of  complex  silicates,  but  here 
chiefly  of  potassium,  magnesium,  iron,  and  hydroxj'l.  Abundant  aa  rode 
makers,  the  micas  are  all  characterised  by  the  thinnest  and  tou^iest 
of  elastic  cleavage  plates,  such  as  are  generally  known  as  isin^ass.  When 
8  needle  is  driven  sharply  through  a  thin  scale  of  mica,  a  six-rayed  punc- 
ture star  forms  about  the  needle  point.  The  darker  common  variety  of 
mica  is  rich  in  iron  and  magnesium  and  Ls  called  biotite,  and  the  ligbUr 
colored  alkaline  variety,  muscovite.  Hardness  2.5-3.1.  Specific  grav- 
ity 2.7-3.1. 

Chlorite.  —  Generally  an  intricate  nuKture  of  more  or  less  similar 
microscopic  crystals  having  varying  and  rather  compleJi  chemical  compos- 
tions  and  related  to  tlie  micas,  but  all  characterized  by  a  peculiar  leaf 
green  color.  These  minerals  are  a  common  product  of  hydration  wntba> 
iug  in  rocks  which  are  rich  in  magnesium  and  iron  —  cspeciaUy  those  U 
contain  biotite,  pyroxene,  or  hornblende  (see  below).  Hardness  I 
Specific  gravity  2.5-3. 

Pyroxenes.  —  An  important  group  of  related  rock-maldng  r 
of  which  are  silicates  of  the  bases  magnesium,  calcium,  alumirtium,  B 
and  manganese.  Quite  generally  developed  either  in  columnar  or  n 
like  crystals  which  are  uniformly  shaped  in  cross  section  like  Kg.  487.  B. 
Two  rather  imperfect  cleavages  are  directed  parallel  to  the  longer  an* 
of  the  crystal  and  nearly  at  right  angles  to  each  other.  The  colors  of  all 
but  the  lime  varieties  are  dark  and  generally  green,  dork  brown,  bronie, 
or  black.  The  lime  varieties  are  white,  gray,  or  pale  green.  A  ilatk 
colored  and  common  iron  variety  is  known  as  au^te.  Streak  generally 
either  white  or  lightly  tinted.    Hardness  5-6,    Specific  gravity  3,2-.1.(i. 
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Atnphiboles.  —  A  group  of  minerals  of  the  same  chemical  composition 
as  the  pyroxenes,  with  which  also  in  most  physical  properties  they  agree. 
The  principal  distinctioD  is  found  in  the  ahape  of  the  cross  section  and  in 
the  clcavai^e  (Fig.  487,  9).  Whereas  the  cross  sections  of  pyroxenes  are 
generally  eight  sided,  those  of  the  amphiboles  have  six  sides,  and  whereas 
the  cleavage  directions  of  pyroxenes  are  nearly  at  riglit  angles  to  each 
other  (87°),  the  similar  but  much  more  perfect  cleavage  directions  of 
the  amphiboles  are  inclmed  at  an  obtuse  angle  (I24i°).  Owing  to  the 
obliquity  of  the  amphibole  cleavage,  fractured  surfaces  of  the  mineral 
appear  splintery,  which  is  not  in  the  same  measure  true  of  the  pyroxenes. 
A  fibrous  variety  of  amphilwle,  and  occasionally  other  varieties  of  the 
mineral,  is  a  not  uncommon  product  of  weathering  of  pyroxenes.  Other 
physical  properties  of  the  amphiboles  arc  in  the  main  almost  identical  with 
those  of  the  pyroxenes. 

Garnet.  —  Complex  alumino-siltcatea  or  (erro-siJicates  of  calcium, 
magnesium,  iron,  or  manganese,  or  several  of  these  combined.  Nearly 
always  in  crystals,  and  usually  found  in  mica  schist  (see  below}.  The 
crystals  usually  have  twelve  similar  faces,  each  a  lozenge  (dodecahedron), 
or  else  twenty-four  similar  faces,  or  the  two  forms  combined  (Fig. 
487,  10).  Brittle.  From  any  but  the  gem  minerals  garnet  is  easily 
distinguished  by  its  hardness,  which  in  different  varieties  ranges  from 
somewhat  below  to  somewhat  above  that  of  quartz.  The  luster  is  vitre- 
ous, and  the  color  runs  the  gamut  of  reds,  browns,  and  greens,  but  with 
the  common  hue  dark  red  to  black.  Streak  white.  Hardness  6.5-7.5. 
Specific  gravity  3.1-4.3. 

Nephelite  (nephelene).  —  An  alumino-sihcate  of  sodium  and  potasBium. 
In  certain  special  provinces  this  mineral  is  developed  in  abundance  as  an 
essential  constituent  of  igneous  rocks,  but  elsewhere  practically  unknown. 
The  rare  crystals  are  hexagonal  prisms  {Fig.  487,  ll),  but  the  mineral  is  most 
easily  determined  by  its  general  resemblance  to  feldspar,  but  with  the  dif- 
ferences of  cleavage,  luster,  and  reaction  with  acid.  Whereas  the  feldspars 
have  two  cleavages,  either  nearly  or  quite  perpendicular  to  each  other 
and  of  different  degrees  of  perfection,  nephelite  haa  three  equal  cleavages 
inclined  60"  and  120°  to  each  other  and  of  less  perfection  than  either 
feldspar  cleavage.  The  luster  of  nephelite  is  perhaps  the  best  clew 
to  its  identity,  since  this  is  greasy  and  simulated  by  but  few  minerals. 
The  fine  powder  of  the  mineral  treated  for  some  time  with  strong  hy- 
drochloric acid  forms  a  perfect  jelly  of  silicic  acid,  whereas  the  feld- 
spars do  not.  Though  itself  gray  or  white  and  unobtrusive,  nephelite 
is  usually  associated  with  brightly  colored  minerals,  which  are  often  the 
first  clew  to  its  presence  in  a  rock.  Hardness  5.5-6.  Specific  gravity 
2.5-2.6. 
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TbIc  (soapstone).  —  A  silicate  of  magnesium  and  hydroiyl  wM 
an  important  alteration  product  through  weathering  of  certain  pyroicsne 
rocks  especially.  Usually  a  foliated  mass,  this  product  is  occaaonalty 
fibrous  or  even  granular.  Talc  is  one  of  the  softest  of  minerals,  having  a 
greasy  feel  and  being  easily  scratched  with  the  thumb  nail.  The  luster 
of  the  foliated  varieties  is  apt  to  be  pearly,  and  the  ralor  apple-grecu  to 
white,  though  sometimes  staineil  brown  from  oxide  of  iron.  The  streak 
of  the  mineral  is  white  except  when  stained  by  iron.  Although  the 
rocks  which  are  composed  mainly  of  talc  (soapstone)  are  exceedingly 
soft,  they  are  very  toi^h  and  remarkably  resistant,  Hardne^  1-1.5. 
Specific  gravity  2.7-2.8. 

Serpentine.  —  Like  talc,  serpentine  is  a  silicate  of  magnesium  and 
hydroxyl,  and  an  important  product  of  the  breaking  down  of  magneeium 
minerals  in  the  process  of  weathering.  The  mineral  is  usually  fouud  nss 
6ne  web  of  microscopic  necdlelike  fibers,  and  is  best  roughly  diagnoMd 
by  its  color  and  its  associated  minerals.  Like  talc  it  is  usually  developed 
within  those  igneous  rocks  from  which  feldspar  is  lacking,  but  where  either 
pjToxcne  or  olivine  is  found  in  abundance  or  was  previous  to  alteratioD. 
The  characteristic  color  of  serpentine  is  leek-green.  The  rock  largely 
composed  of  serpentine  is  called  by  the  same  name,  and  being  exceedingly 
tough  and  unchanging  is,  in  spite  of  its  softness,  a  valuable  budding  uid 
ornamental  stone.  A  red  magnesium  garnet  is  apt  to  be  associated  with 
such  serpentine  masses.  Hardness  2.5-A,  because  of  impurities.  Specific 
gravity  2.5-2.6. 

Staurolite.  —  A  silicate  of  aluminium,  iron,  and  hydroxyl.  Found  b 
metamorphie  rooks  usually  in  association  with  garnet.  Always  in  cn-s- 
tals  bounded  by  simple  forms  generally  crossed,  as  shown  in  Fig.  487, 12-H. 
The  color  is  dark  reddish  brown,  and  the  streak  is  colorless  to  grayisL 
The  hardness  is  exceptional  and  higher  than  that  of  quarts.  Hardness 
7-7.5.     Specific  gravity  3.6-3.7. 

Tourmaline.  —  An  exceptionally  complex  silicate  of  boron  and  alu- 
minium as  well  as  b-on,  magnesium,  and  the  alkalies.  Found  in  metamor- 
phie rocks  and  always  crystalliBed.  The  crystals  are  columns  or  needles 
whose  cross  section  is  the  best  guide  to  their  identity,  since  this  b  a  modi- 
fied triangle  unlike  thatof  any  other  mineral  (Fig,4S7,  1B~16).  Additional 
diagnostic  properties  are  the  characteristic  striations  which  run  lengthwise 
of  the  crystals  upon  prism  faces,  and  the  lack  of  any  cleavage  (difference 
from  hornblende).  The  hardness  is  also  a  valuable  property,  since  this 
is  greater  than  that  of  quartz.  The  mineral  is  brittle  and  the  fracture 
subconchoidal.  The  range  in  color  is  as  great  as,  or  greater  than,  that  rf 
garnet,  though  the  common  forms  are  jet  black.  Streak  uncc 
Hardness  7-7.5.     Specific  gravity  3-3.2. 
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Olivine.  —  A  silicate  of  magnesium  and  iron  and  a  rock-making  min^ 
era!  found  only  in  those  igneous  rocks  which  have  little  or  no  feldspar. 
It  easily  suffers  alteration  by  weathering  and  passes  into  serpentine,  and 
in  fact  is  seldom  found  except  when  at  least  partially  altered  to  the  fibrous 
webs  of  that  mineral.  The  form  of  the  unaltered  crystals  within  the 
rocks  is  shown  in  Fig.  487,  17,  and,  cut  in  sections,  the  mineral  appears 
in  more  or  less  elongated  hexagons.  The  hardness  of  the  unaltered  min- 
eral is  about  that  of  quartz.  It  has  rather  imperfect  cleavages  in  two 
rectangular  directions,  and  is  usually  translucent,  with  a  vitreous  luster 
and  a  color  which  is  olive-green  when  not  stained  brown  by  oxide  of 
iron.    Streak  imcolored.    Hardness  6.5-7.    Specific  gravity  3.2-3.3. 


SHORT    DESCRIPTIONS    OF   SOME    COUHON    ROCKS 


lu  Chapter  I^'  the  classification  and  the  structure  of  rooks  have  been 
briefly  diacussed.  Below  ure  sulded  brief  descriptions  of  the  more  im- 
portant common  rocks.  For  rocks  as  for  minerals  it  is,  however,  essen- 
tial that  a  collection  of  well-choscD  specimens  be  studied  for  purposes  of 
comparison.  A  small  pocket  lens  is  a.  valuable  aid  in  making  out  the 
component  minerals  and  the  textures  of  the  finer  grained  rocks.  ^^M 

I.   Intrusive  Rocks  ^^M 

Granite.  —  Of  granitic  texture,  tliough  sometimes  porphyritic  aa  wdl 
The  moat  abundant  mineral  constituent  is  a  pink  or  white  feldspar,  asu- 
ally  without  visible  striations,  with  which  there  is  usually  in  subordinate 
quantity  a  whit«  striated  feldspar.  Next  in  importance  to  the  feldspar 
is  quartz,  which  because  of  its  lock  of  cleavage  showrt  a  peculiv  gny 
surface  resembling  wet  sugar.  In  addition  to  feldspar  and  quarta  there  is 
generally,  though  not  universally,  a  dark  colored  mineral,  either  mica  or 
hornblende.  The  mica  is  usually  biotite,  though  often  associated  with 
muscovite. 

Sjenite.  —  Like  granite,  but  without  quarts,  with  more  striated  feld- 
spar, and  generally  also  the  rock  haa  a  darker  average  tint.  While  triotite 
is  the  commonest  dark  colored  constituent  of  granite,  hornblende  is  more 
ajit  to  take  it«  place  in  s^'enite.  Less  conmion  than  granite,  to  which  it  is 
closely  related  in  origin  and  in  composition. 

Gabbro.  ^  A  dark  colored  rock  of  granitic  texture  composed  of  striated 
feldspar  with  broad  cleavage  surfaces  and  usually  an  abundance  of  pyrox- 
ene. In  contract  to  the  feldspars  of  granite,  those  of  gabbroes  are  often 
dull  and  colored  grayish  yellow  or  greenish.    The  pyroxene  is  often  in 

(  psrt  changed  to  fibrous  amphibole.      Magnetite  may  be  an  abundaiil 

j  acccss()ry  mineral. 

||  Diabase.  —  In  color  dark  like  gabbro,  and  of  similar  constitution.     In 

diabase,  however,  the  feldspar  crystals,  instead  of  being  broad  and  ttf 
irregularly  interrupted  outline,  are  relatively  long  ("  lath-sfaBi>ed  "'),  . 
the  pyroxene  act^s  as  a  filler  of  the  reelduaJ  spare  between  them. 

Peridotlte.  —  A  heavy  and  dark  colored  rock  of  gramtic  tcxiur*  1 
is  nearly  or  quite  devoid  of  feldspar  but  contains  oliv-ine.     Wbeo  altl 
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as  It  generaRy  is,  it  is  largely  a  mass  of  serpentine,  talc,  and  chlorite,  aur- 
rounding  cores,  it  may  be,  of  still  unaltered  pyroxene  and  olivine.  Mag- 
netite is  an  abuudunt  constituent,  and  a  red  garnet  is  apt  to  be  present. 

3.   Extrusive   Rocka 

ObBidlSD.  — A  rock  glass  rich  in  silica.    It  is  usually  black  and  bi 
■with  a  perfect  conchoidal  fracture.    It  often  passes  over  through 
sible  gradations  into  pumice,  which  differs  only  in  its  vesicular  etructi 
As  regards  chemical  eompoaitiou,  ob.sidian  and  pumice  are  not  notal 
different  from  rhyolite  (below). 

Rhyolite.  ^A  light  colored  rock  of  porphyritic  texture,  often  also  with 
fluxion  or  spherulitic  textures,  or  both  combined.  The  porphyritic  ap- 
pearance is  given  the  rock  by  large  crystals  of  a  glassy,  unstriated  feldspar 
and  crystals  of  quartz.  Rhyolite  is  a  very  siliceous  lava  containing  rather 
more  silica  than  granite,  to  which  of  the  intrusive  rocks  it  is  most  closely 
related,  and  from  which  it  differs  in  its  texture  and  in  the  manner  of  its 
occurrence  in  nature.  Whereas  granite  is  found  in  great  batholiles, 
laccolites,  and  bysmaliteu,  and  consolidated  in  most  cases  beneath  the 
earth's  surface,  rhyolite  generally  occurs  in  sheets,  flows,  or  dikes,  and 
consolidated  either  above  or  in  fissures  near  to  the  Burface, 

Trachyte.  —  Similar  to  rhyolite,  but  usually  with  a  peculiar  gray  aspect 
from  the  greater  abundance  of  feldspar  crystals.  The  rock  is  less  sili- 
ceous than  rhyolite,  contains  no  quartz  crystals,  and  approaches  a  feldspar 
in  its  average  composition. 

Andesite.  —  Similar  to  rhyolite  in  appearance  and  in  origin,  but 
basic  and  correspondingly  dark  in  color.     The  porphyritic  crystals  are 
lath-shaped,  striated  feldspar,  with  which  are  associated  crystals  of 
biotitc  or  hornblende  or  both.     A  fluxion  texture  is  particularly 
acteristic  of  this  type  of  extrusive  rock. 

Basalt.  —  A  dark  colored  or  black  basic  rock  of  porphyritic  tfij 
which  differs  but  little  from  diabase.  It  may  show  under  the  lens  fine 
lath-shaped  crystals  of  striated  feldspar  associated  with  crj'slals  of  augite, 
but  more  frequently  the  rock  is  dense  and  without  visible  mineral  con- 
stituents. It  is  particularly  likely  to  occur  divided  up  into  columns  six 
inches  to  a  foot  in  diameter  and  known  as  basaltic  columns.  Especially 
fine  examples  are  known  from  the  Giant's  Causeway  and  other  localitiea 
in  the  western  British  Isles. 

3.  Sedimentary  Rocks  of  Mechanical  Origin 

CoDglomerate  ("pudding  stone"), — A  rock  made  up  from  pebbles 
which  are  cemented  togt^her  with  -sand  and  finer  materials.  The  pebbles 
aje  usually  worn  by  work  of  the  waves  upon  a  shore,  and  may  vary  in 
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aze  from  a  pea  to  large  bowldcra.     They  may  conMst  of  almost  any 
mineral  or  rock,  though  the  sand  about  them  is  largely  quartz. 

Sandstone.  —  A  rock  composed  of  sand  cemented  together  either 
calcareous,  siliceous,  or  ferruginous  materials.  Sandstones  arc  descril 
as  friable  when  their  surface  grains  are  easily  rubbed  off,  or  as 
when  Ihey  are  more  firmly  cemented.  Sandetones  are  often  distinctly 
banded  and  are  sometimes  vanously  st^ed  with  oxide  of  irao.  Thoac 
aandGtonea  which  have  been  formed  upon  a  seacoast  are  known  as  marine 
sandstones,  while  those  derived  from  accumulations  collected  by  the  wind 
in  deserts  are  distinguished  as  continental  deposits.  Sandstoins  form 
much  thicker  formations  than  conglomerates,  the  latter  usually  consti- 
tuting a  basal  layer  only  of  the  sandstone  formation  (basal  con^oiDcratf ). 

Shale.  —  A  consolidated  mud  stone  which  is  probably  the  most  abun- 
dant rock  formation.    In  large  part  clay  admixed  in  varying  proportioi^^ 
with  extremely  fine  sandy  grains.  ^H 

4.  Sedimentary  Rocks  of  Chemical  Precipitation  ^^M 

Calcareous  tufa  (travertine).  —  Not  to  be  confused  with  ttiff.  which 
is  a  fragmcntal  extrusive  or  volcanic  rock.  Calcareous  tufa  b  formwi 
when  waters  which  contain  carbonic  acid  gas  and  lime  carbonate  in  solu- 
tion, give  off  the  gas  and  with  it  the  power  to  hold  the  lime  in  solution. 
Such  a  liberation  of  the  gas  may  occur  when  the  stream  is  dashed  into 
spray  above  a  cascade,  and  the  lime  is  then  deposited  about  the  mte  of  the 
falls.  Travertine  is  generally  porous  and  formed  of  more  or  less  concen- 
tric layers  or  incrustations.  A  remarkable  illustration  is  furnished  by  the 
travertine  deposits  of  Tivoli  and  other  localities  near  Rome,  wxce  here 
the  material  supplies  a  valuable  building  stone. 

Oolitic  limestone  (ooUte).  —  This  rock  is  made  up  of  spherical  nodulca 
and  so  has  the  appearance  of  fish  roe.  Broken  apart,  each  grain  reveals 
in  its  center  a  core  of  siliceous  sand  about  which  carbonate  of  lime  has  beai 
deposited  in  concentric  layers.  It  is  thought  that  waters  charged  with 
carbonate  of  lime,  in  issuing  from  a  river  near  a  sea  beach,  coat  the  sand 
grains  of  the  latter  with  successive  thin  films  of  lime  carbonate  due  to  the 
rhythmic  ebb  and  flow  of  the  tides,  evaporation  of  the  adhering  wat«r 
taking  place  when  the  sands  are  exposed  at  low  tide. 

5.    Sedimentary  Rocks  of  Organic  Origin 

Limestone.  —  A  generally  white  or  gray  rock  composed  of  carbonate 
of  lime  with  varying  proportions  of  clay,  silica,  and  other  impurities.  The 
lime  carbonate  is  usually  derived  from  the  hard  parts  of  marine  organisnts, 
and  the  argillaceous  and  siliceous  impurities  from  the  finer  land-derived 
sediments  which  descend  with  thorn  to  the  bottom. 
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Dolomite  (dolomitic  or  mBgneBium  limestone).  —  Differs  from 
itone  in  containing  varying  proportions  of  the  mineral  dolomite  (ai 
p.  455),  which  is  made  up  of  equal  parts  of  calcium  and  magnesium 
booates.  Difficult  to  distinguish  from  limestone  unless  a  chemical 
is  made  for  magnesium,  though  it  may  be  said  in  general  that  dolomll 
U  less  soluble  in  cold  mineral  acids. 

Peat.  —  An  accumulation  of  decomposed  vegetable  matter  within 
eniall  lakes  and  in  lagoons  separated  from  larger  ones  (ante,  p.  429). 
Peat  represents  the  first  stage  in  the  formation  of  coal  from  vegetable  mat- 
ter, and  differs  from  the  coals  by  its  larger  proportion  of  contained  wat«r. 
Because  of  this  water  its  fuel  value  is  correspondingly  small.  It  is  ubu-J 
ally  dark  brown  or  black  and  reveals  something  of  the  structure  of 
plants  out  of  which  it  was  formed. 

6.    Metamorphic  Rocks 

Gneiss.  —  A  generally  more  or  less  banded  (gneissic)  metamorphii 
rock  with  a  mineral  constitution  similar  to  granite,  and  often  developed 
by  metamorphic  processes  from  that  rock.  It  may  at  other  times,  by  pro- 
cesses not  essentially  different,  bo  derived  from  se<limentary  formationa. 
It  usually  contains  as  important  constituents  unstnated  feldspar  and 
quartz,  but  in  addition  it  may  include  a  striated  feldspar,  biotite,  mus- 
covite,  or  hornblende,  or  several  of  these  combined.  In  proportion  as 
mica  or  hornblende  is  abundant,  it  has  a  marked  banded  texture,  but  it 
differs  from  mica  schist  (see  below)  not  only  in  the  presence  of  its  feldspar, 
but  in  the  smaller  proportion  of  mica.  Biotite  gneiss,  hornblende  gneiss, 
etc.,  are  terms  used  to  designate  varieties  in  which  one  or  the  other  of  the 
dark  colored  constituents  predominate. 

Mic«  schist.  —  A  metamorphic  rock  without  feldspar  and  mail 
composed  of  quartz  and  light  colored  mica  (muscovite).  The  abundant 
mica  lends  to  the  rock  its  characteristic  schistose  teirture,  which  differs 
from  the  usual  gneissic  texture.  In  some  cases  the  mica  is  wrapped  about 
the  grains  of  quartz,  but  at  other  times  it  forma  a  series  of  almost  contin- 
uous membranes  separating  layers  of  quartz. 

Sericite  schist.  —  A  variety  of  schist  which  is  characterized  by  anj 
abundance  of  u  peculiar  silvery  mica  rich  in  the  element  group  hydrox-jd.^ 
The  mica  scales  are  often  miscrosoopic  and  wrought  into  an  intricate 
web  with  the  quartz  constituent. 

Talc  schist.  —  A  schist  made  up  largely  of  talc,  but  with 
proportions  of  quartz,  magnetite,  etc.  From  the  abundance  of 
it  is  usually  pale  green  or  white. 

Chlorite  schist. — A  greenish,  fine-grained  metamorphic  rock  in  which'j 
chlorite  is  the  principal  mineral,  but  in  which  magnetite  is  a  quite  charao*] 
teristic  accessory  constituent. 
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StanroUtie  gtrnetif  erons  mica  schist  —  A  nucs  sehflt  ta  irtodi  pi- 
Det  aod  staurolite  &re  so  abundant  as  to  be  e»eatial  coostituenta. 

Clay  slate.  —  A  metamorphosed  mud  stone  or  shale.  In  the  proeea 
of  metamorphiem  the  rock  haa  been  hardened,  given  a  slaty  cleavage, 
and  inDiunerable  minute  scales  of  mica  have  developed  to  produce  a 
dlky  luster  upon  the  cleavage  faces.  The  color  may  be  gray,  gnen, 
purple,  or  black. 

Qnartrite.  —  A  metamorphoeed  sandstone  in  which  the  sand  gnJns 
have  become  enlarged  by  accretion  of  silica.  Wbereaa  a  sandstone  ftac- 
tures  about  its  constituent  grains,  a  break  in  quaitiite  is  continued  throogb 
the  grains  and  the  cement  alike.  In  contrast  to  sandstones,  the  quuti- 
ites  derived  from  them  are  usually  lighter  in  color  and  often  nearly  wliil?. 

Uarble  (crystalline  Umestoae).  —  The  result  of  metamorpbism  upon 
limestones.  Usually  white  in  color  but  sometimes  gray,  blue  gray,  or 
yellow,  and  Bomctimea  variously  broken  or  brecciated  and  stained  with 
iron  oxide.     Effervesces  with  cold  dilut«  acid. 

Coals.  —  Under  the  head  of  peat  the  first  stage  in  the  formation  at 
coals  from  vegetable  matter  has  been  briefly  described.  Ljgoite,  at 
brown  coal,  represents  a  further  stage  and  one  in  which  the  vegetable 
structure  b  stilt  recognizable.  It  is  usually  brownish  black  or  black 
in  color  and  contains  a  considerate  proportion  of  water.  With  increaecd 
pressure  or  dynamic  metamorpbism,  further  percent^es  of  the  voIb- 
tile  constituents  are  eliminated,  and  when  from  seventy-five  to  nindr 
per  cent  of  carbon  remiuns,  the  material  bums  with  a  yellow  Same  and 
is  known  as  bituminous  coal.  This  is  the  great  fuel  for  the  production 
of  steam.  A  continuation  nf  the  metamorphic  proce^ssea  carries  off  a 
further  proportion  of  the  volatile  matter  and  leaves  a  dense,  hard,  bUck 
substance  with  sometimes  as  much  as  ninety-five  per  cent  of  carbon. 
This  is  the  so-called  "  hard  coal  "  or  anthracite  generally  used  for  fud 
in  our  houses,  for  which  purpose  it  is  so  well  adapted  because  it  bunu 
with  a  production  of  much  heat  and  almost  without  smoke. 


THE   PREPARATION   OF  TOPOGRAPHICAL   MAPS 

Toposraphical  maps  a  librarj'  of  physiagrkphj.  —  For  the  satisfactory 
working  out  in  detail  of  the  geoloRy  of  any  region  of  complex  structure, 
an  accurate  topographical  map  is  prerequisite.  This  is  so  much  the  more 
true  because  nearly  all  complexly  folded  or  faulted  rock  maasea  are  to  be 
found  in  mountainous,  or  at  least  in  hilly  regions.  The  making  of  the 
topographical  map  must,  therefore,  precede  tliat  of  the  geolopcal  map, 
and  in  modern  usage  the  latter  is  a  topographical  and  a  geological  map 
combined  in  one. 

Within  certain  narrow  limits,  predictions  concerning  the  geoloj^cal 
history  of  a  province  may  often  be  made  by  an  expert  geologist  from 
examination  of  an  accurate  topographical  map.  Just  as  in  forecasting 
the  weather  upon  the  basis  of  the  usuaJ  weather  maps,  such  predictions 
can  sometimes  be  made  with  entire  confidence  in  their  accuracy,  whila 
at  other  tunes  a  guess  only  may  be  hazarded.  The  great  value  of  the 
modem  topographical  map  is  becoming,  however,  universally  acknowl- 
edged, and  every  highly  ci^dlized  nation  haa  either  completed  or  has  in 
preparation  sectional  topographical  maps  of  it^  domain  on  such  a  scale 
as  is  warranted  by  its  financial  condition  and  its  state  of  development. 
Thus  there  is  now  being  accumulated  a  vast  library  of  geographical  and 
to  some  extent  geological  information,  of  which  the  student  of  geology 
must  be  prepared  to  make  use. 

The  nature  of  a  contour  map.  —  More  and  more  the  contour  map  ia 
replacing  the  earlier  and  less  scientific  methods  of  representing  topog- 
raphy  on  the  large  scale  sectional  maps,  and  hence  this  type  only  need 
here  be  considered.  In  the  contour  map,  the  relief  of  the  land  is  repre- 
oented  by  a  series  of  curving  lines,  each  the  intersection  of  a  particular 
horizontal  plane  with  the  land  surface,  and  the  several  planes  separated 
by  uniform  differences  of  elevation.  Tiiis  altitude  interval  is  known  as 
the  contour  interval.  Ita  choice  is  a  matter  of  considerable  importance, 
for  though  regions  of  relatively  simple  topography  may  be  adequately 
represented  upon  a  map  of  large  contour  interval,  say  one  hundred  feet, 
another  district  may  require  an  interval  a^  short  as  five  feet.  A  contour 
map  with  this  interval  may  be  conceived  to  have  been  made  by  flooding 
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the  rpgioD  which  it  represents  and  preparing  maps  of  the  alnm  Kdm  tor 
each  rise  of  five  feet  of  the  water  surface,  and  EUperimpoaiDg  the  several 
maps  thus  derived  with  accurate  registration  one  above  the  other.  VVIht- 
ever  the  land  slopes  are  steep,  the  abore  lines  of  the  several  maps  will  be 
crowded  closely  together  and  give  the  effect  of  a  relatively  dark  locul 
shade;  where,  upon  the  other  hand,  the  surface  is  relatively  flat,  the 
several  shores  will  be  widely  spaced  and  the  effect  mil  be  to  produce  a 
white  area  upon  the  map.  Thus  in  contour  maps  dark  tones  indicate 
sleep  gradients  and  pole  tones  a  flatness  of  surface. 

The  selection  of  scale  and  contour  inteiral.  —  With  the  use  of  thu 
email  scale  in  the  contour  map,  the  tones  of  the  map  will  be  oorrcspood- 
ingty  dark,  though  the  relative  differences  in  tone  will  remain  the  Mine. 
With  the  use  of  a  closer  contour  inten,-al  the  tones  wiH  deepen  throoghout 
The  ailjustmcnt  of  scale  and  contour  interval  to  any  given  region  ia  a 
matter  requiring  experience  in  topographical  mapping,  and  in  addition 
a  knowledge  of  the  geolo^cal  significance  of  topographic  features. 
fortunately,  the  element  of  expense  and  the  special  commercisl  q 
held  in  view,  conspire  to  select  scales  and  contour  intervale  v 
often  little  adapted  to  the  districts  surveyed. 

The  method  of  preparing  a  topographical  map.  —  Having  fixt 
the  scale  and  the  contour  interval  which  is  to  be  employed,  the  t 
the  topographical  surveyor  is  next  to  fix  accurately  the  pofntions  and  ibo 
elevations  of  a  Kufficient  number  of  points  to  controf  the  map,  and  Ih™ 
to  hang,  as  it  were,  upon  these  points  as  attachmejits  tlie  design  irptt- 
sented  by  the  relief.  Were  the  surface  of  the  ground  to  be  reprcsentoi 
by  a  flexible  fabric,  the  map  maker  might  raise  from  a  flat  base  a  saia  uf 
stout  posts  of  the  heights  and  in  the  positions  which  he  has  detomilied, 
and  upon  these  supports  arrange  the  slopes  of  the  fabric  mueb  aa  iapvy 
is  adjusted.  The  determination  of  the  exact  portions  and  tJie  devstlDM 
of  his  control  stations  is,  therefore,  a  process  coldly  precise  and  farmal; 
whereas  in  the  shaping  of  the  surfaces  his  attention  aliould  be  fix«l 
more  upon  correctly  reproducing  the  shapes  than  upon  fixing  accurately 
the  position  of  every  point.  As  a  matter  of  fact,  the  portion  of  tin- 
average  point  will  be  most  accurately  fixed  when  the  shapea  of  the  foft* 
tures  are  moat  clearly  comprehended.  To  some  extent,  Ihercforv,  the 
topographer  should  be  familiar  with  the  geolc^cal  significance  of  Uw 
earth  features  which  he  is  representing. 

Laboratory  exercises  in  the  preparation  of  topographical  maps.  — lis 
principles  which  underlie  the  surveyor's  method  for  preparing  a  toiN>- 
graphical  map  may  be  learned  in  the  laboratory  by  thir  use  of  mocid*  sad 
the  simple  device  shown  in  plate  24  A  and  B.  To  represent  tiw  sceiioai 
of  country  to  be  mapped  a  model  in  plaster  of  Paris  is  substituted,  and  ti 
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is  placed  within  a  rectangular  tank  to  which  locating  carriages  and  s 
tude  gauges  are  attached  that  allow  the  student  to  fix  the  poaitioa  and 
devation  of  any  point  upon  the  surface  of  the  model. 

Upon  each  model  the  student  "  locates,"  or  fixes,  the  position  o 
sufficient  number  of  points  for  the  control  of  his  map,  entering  upon  an 
appropriate  map  base  for  each  position  the  altitude  wlucb  was  read  from 
the  gauges.  Now  with  the  map  always  before  him  he  "  sketches  in  "  the 
forms  of  the  surface  by  means  of  contour  lines.  For  this  purpose  it 
is  often  desirable  to  fix  roughly  the  direction  of  the  steepest  slope  at 


number  of  places,  and  noting  the  differences  in  elevation  between  control 
stations,  divide  up  the  distance  in  accordance  with  the  curves  of  slope 
and  start  the  contours  at  right  aisles  to  the  slope.  Afterwards  such 
sections  arc  connected  by  sketching  in  with  the  model  always  in  view 
for  control   (Hg.  488).  ■ 

The  verification  of  the  map.  —  The  map  prepared,  its  accuracy  m^  J 
be  tested  by  a  simple  method  which  is  denied  the  topographer  who  has 
to  do  with  the  actual  surface  of  the  ground.    The  locating  caniagea 
and  altitude  gauges  are  removed  from  the  tank,  which  is  next  filled  with 
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waXa  And  le%'eled  by  means  of  guide  marks  upon  the  interior.  A  tew 
drope  of  milk  or  of  ordinary  ctothes  bludng  are  added  to  the  vater  to 
raider  it  opaque,  and  it  is  then  drawn  olT  at  the  faucet  in  succtessire  in- 
stallments, 90  that  the  surface  dropa  by  layere  corresponding  in  thick- 
ness to  Uie  contour  interval  of  the  map,  plate  24  B.  As  each  l&j-er  is  with- 
dra«-n,  that  contour  of  the  map  to  which  the  shore  line  should  correspond 
b  carefully  e-xamined  and  corrected.  By  such  corrections  the  nature  of 
the  Erst  errors  made  is  soon  appreciated,  and  the  method  of  procedure 
is  thus  more  easily  acquired.  At  the  same  time  the  sigaiEcauce  of  the 
design  of  the  map  is  more  quickly  learned  than  by  a  mere  examination 
of  the  standard  government  maps. 

The  wort  aboi-e  outlined  calls  for  waterproofed  models  of  suitable 
form  and  aze,  and  a  series,  each  of  which  sets  forth  some  tj'picsl  feature 
or  series  of  features,  has  been  designed  by  Mr.  Irving  D.  Scott.' 

The  preparation  of  pbrsiograpliic  models.  ^  The  apparatus  used  to 
prepare  the  topographic  map  is  adapted  also  for  preparing  a  phnao- 
graphic  model  from  a  standard  topograph  I  c-al  map.  For  this  purpoee 
the  method  is  essentially  reversed,  though  the  tank  is  replaced  to  advan- 
tage by  a  light  metal  frame  elevated  upon  one  side  so  as  to  permit  a  free 
u^  of  the  hands  in  modeling  the  clay. 

The  material  used  in  preparing  the  model  is  artiste*  modelii^  clay' 
which  has  a  base  of  beef  suet,  and  hence  does  not  drj'  out  and  crack  as 
does  ordinary  clay.  Its  form  is.  therefore,  retiuned  indefinitely,  and  it 
may  be  used  again  and  again.  Most  maps  must  be  enlarged  in  modd- 
ing,  and  the  simplest  way  is  oft«n  to  photographically  or  by  panto- 
graph enlarge  the  map  to  the  scale  of  the  model.  The  map  prepuvd. 
it  is  covered  by  a  thin  celluloid  plate  which  has  cut  upon  it  a  series  of 
crossed  lines  spaced  in  inches  and  larger  subdinsions  to  correspond  to 
those  of  the  locating  carriages  (plate  24  ('). 

The  enlargement  of  the  map  ia  not  essential  to  experienced  workets. 
and  the  standard  map  may  be  covered  in  similar  manner  bj-  a  transpar- 
ent plate  with  "  checkerboard  "  design,  the  squares  of  which  bear  some 
ample  relation  in  siie  to  the  larger  diviaons  of  the  locating  carriaprs 
(Plat«  24  C,  rear). 

The  method  of  preparing  the  model  Is  comparatively  dmple.  Be- 
ginning at  any  point  upon  the  map,  the  intersection  of  a  heavy  contour 
line  with  one  of  the  guide  lines  of  the  celluloid  "  position  plate  "  is  care- 
fully noted.  Both  the  position  and  the  elevation  of  this  point  are  fixed  by 
the  point  of  the  altitude  gauge  of  the  modeling  frame,  and  the  clay  built 

'  These  modpls  and  the  tontoiiriiig  apparatus  are  now  manufactured  tor  the  un 
of  BFhooU  and  noHcges  by  Eberbach  and  Son,  Ann  Arbor.  Mich. 

■This  day  u  manufaetuntd  by  the  A.  H.  Abbott  Company,  art  dealen,  Vafauh 
Avenue,  ChioagD. 
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up  beneath  it  to  that  height.  With  the  fingers  the  clay  is  now  roughly 
shaped  in  various  directions  from  this  point,  the  altitude  gauge  is  ad- 
vanced by  the  locating  carriage  so  as  to  correspond  in  position  to  the 
intersection  of  the  next  heavy  contour  line  with  the  same  guide  line  of 
the  position  plate,  and  the  elevation  for  this  point  similarly  adjusted 
upon  the  model.  As  before,  the  surface  of  the  clay  is  roughly  shaped  in 
advance  and  upon  the  sides  so  as  to  conform  to  the  indications  of  the 
map;  and  this  process  is  repeated  imtil  the  work  is  finished.  Correc- 
tions for  intermediate  positions  may  be  carried  to  any  desired  degree  of 
refinement  which  the  scale  and  the  accuracy  of  the  map  permit.  Models 
which  are  larger  than  the  area  of  the  modeling  frame  are  prepared  by 
making  a  square  foot  at  a  time  by  the  above  described  process,  and  then 
moving  the  frame  forward  and  adjusting  in  a  new  position  by  means 
of  the  sharp  pins  in  the  legs  of  the  apparatus. 

Reading  References 

William  H.  Hobbs,  New  Laboratory  Methods  for  Instruction  in  Geog- 
raphy, Journal  of  Geography,  vol.  7,  1909,  pp.  97-104.  Also  Scot. 
Geogr.  Mag.,  vol.  24,  1908,  pp.  643--e52.  The  Modeling  of  Physi- 
ographic Forms  in  the  Laboratory,  ibid.,  vol.  8,  1910,  pp.  225-228. 
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UBORATORT  MODELS  FOR  STUDY  IN  THE  INTERPRETATIOR 
OF   GEOLOGICAL    MAPS 

Tbe  Inboratoty  models  which  have  been  described  on  page  63,  and  >K 
used  to  rvpRsent  outcrops  in  the  study  of  geological  maps,  are  abown 
in  FSg.  489.  Th.'  linim-shaped  blocks  serve  to  represent  massive  tocki 
^  which  occur  in  iiregulariy 

^^^;^-  ''•    ll^Jy  shaped  maases  such  as  batho- 

lit«s  and  flowa.     The  kmg 
narrow  strips  are  for  mtru- 
_  eive    rocks  in  the  form  of 

Fm.  489.  -  Modeb  to  rrp™««,t  o^^  of  roct.     '^^-  "^^  *-'^^  ^^^^  ^ocks 

pro\-ided  with  a  swivel  jmol 
are  used  for  outcrops  of  sedimentary  rocks,  and  after  adjustment  they 
gi\'e  tbe  dip  and  strike  of  the  exposure.  The  wing  bolts  used  in  thdr 
construction  should  be  of  bronze,  because  of  the  effect  of  iron  upon  the 
compass.     For  the  same  reason  tables  should  not  he  placed  near  iron 


I  for  othe 

I  maps  of 


beams  or  columns.  All  these  blocks  can  be  made  by  an  ordinary'  car- 
penter, and  should  be  available  in  sufflcient  numbers  to  arrange  prublrjua 
like  those  of  Figs.  47,  48,  and  490.  With  a  ^new  to  suppl>-iag  suggestiffliB 
other  problems  of  the  same  general  nature,  the  three  a  '  "^ 

of  Fig,  491  have  been  introduced. 
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Phi.  491.  —  Thre«  fii-ld  mops  to  be  uacd  na  auggefltions  in  airuni 
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The  list  of  questions  pven  below  b  intended  to  indicate  the  natuiv  3 

soine  of  the  problems  which  the  student  should  be  asked  to  solve  in  ihs 
preparation  of  each  map.  The  numbers  in  parentheses  refer  to  page*  in 
this  book  where  further  information  is  given ;  — 

I  Strati  a  KAPHiCAL 

'         1 .  Of  the  fonnatioM  represented  what  onea  are  sedimentarj'  and  what 
igneous  {Chap.  IV,  App.  B)  ? 

2.  Which  formations,  if  any,  are  separated  by  unconformities  (51-53)? 

3.  What  19  the  order  of  age  of  the  aedimeatary  formations  (65)  ? 

L        4.  What  are  the  exponed  thicknesses  of  each  of  these  formations  (4^ 
'  4»)? 

6.  Do  any  of  these  values  represent  full  thickness  of  tbe  fonmtiai, 
and  if  00,  which  ones? 

6.  What  is  the  age  la  terms  of  the  sedimentary  formatioos  of  ewh  of 
ttie  igneous  rock  maj^ses  (05)? 

7.  Wludiigneousrocks,if  any,ocourinbatholites(143,441)?    WUd, 
if  any,  in  dikca  (140)7 

Stkhcturai, 

8.  What  formations,  if  any,  have  monoclinal  dip  (42)  ? 

9.  Indicate  upon  the  niap  by  daehed  lines  the  crests  of  all  antidineB 
and  the  trough  lines  of  s^^lcliIles. 

10.  Indicate  by  arrows  the  direction  of  pitch  of  all  plungit^  anticlines 
and  synclines  wherever  disclosed  by  changes  of  dip  and  strike  (43). 

11.  Indicate  the  approximate  position  of  all  faults  whose  position  is 
discIosed(58-61),  and,  if  possible,  state  which  limb  is  the  one  dowatbrown. 

12.  Prepare  suitable  geological  sections. 

Beam  NO  Refebence 
WiLLiAU  H.  HoBBS.    Apparatus  for  Instruction  in  Geography  and  Stme- 
tural  Qeoloey.    III.    The  Interpretation  of  Geologic  Maps.    School 
Science  and  MathematicB,  vol.  9,  1909,  pp.  644-653. 


APPENDIX  E 

SUGGESTED  ITINERARIES  FOR   PILGRIMAGES   TO   STUDY 

EARTH   FUTURES 

The  chief  value  of  the  laboratory  studies  discussed  in  the  preceding 
appendices  is  as  a  preparation  for  observations  made  in  the  field  —  the 
laboratory  par  excellence  of  the  geologist.  The  pilgrimages  whose  itiner- 
aries are  here  suggested  have  been  planned  especially  for  impressing  by 
observation  the  lessons  of  this  book.  Such  journeys  are  best  interrupted 
at  a  relatively  small  number  of  localities  which,  because  already  studied 
in  some  detail,  are  specially  adapted  to  serve  as  centers  for  local  excursions. 
These  localities  will  in  most  cases  be  the  great  scenic  places  to  which 
tourists  resort,  or  the  seats  of  universities  near  which  specially  detailed 
explorations  have  been  often  made. 

Within  the  United  States  a  few  local  geological  guides  have  been  pub- 
lished, and  the  Geologic  Folios  published  by  the  United  States  Geological 
Survey  are  already  available  for  a  number  of  such  centers.  For  one  long 
geological  pilgrimage  we  are  fortunate  in  having  a  carefully  prepared 
guide,  namely,  from  New  York  to  the  Yellowstone  National  Park  and 
back,  with  a  side  trip  to  the  Grand  Cafion  of  the  Colorado.  Except  for 
the  side  trip  this  route,  in  large  measure,  corresponds  with  one  here  chosen, 
and  for  the  return  journey  especially  the  student  is  referred  to  it  for  in- 
formation (Geological  Guide  Book  of  the  Rocky  Mountain  Excursion, 
edited  by  Samuel  Franklin  Emmons.  Comte  Rendu  de  la  Congr6s 
G^ologique  Internationale,  5me  Session,  Washington,  1891, 1893,  pp.  253- 
487,  map.and  plates  13,  figs.  32). 

Our  journey  is  begun  at  New  York  City,  which  is  built  about  the  deeply 
submerged  channels  of  an  estuary  choked  with  glacial  deposits,  though 
the  channel  may  be  followed  as  a  deep  cafion  across  the  continental  shelf 
to  its  margin  (252,*  pi.  17  B).  New  York  City  is  also  upon  the  margin 
of  the  glaciated  area,  the  outer  terminal  moraine  of  which  is  well  repre- 
sented on  Long  Island  (298).  Across  the  Hudson  in  New  Jersey  is  the 
great  Coastal  Plain  which  meets  the  oldland  in  a  well-defined  margin  (159, 
246,  247).  A  local  geological  guide  of  the  vicinity  of  the  metropolis  has 
been  written  by  Gratacap  (Greology  of  the  City  of  New  York,  Greater  New 
York.    Brentanos,  New  York,  1904,  pp.  119,  pis.  and  map). 

>  Numbers  in  parenthesis  refer  to  pages  in  this  book,  where  further  information  is 
to  be  found. 
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Traveling  by  the  New  York  Central  Railway,  we  follow  up  the  Molum 
outlet  of  the  glacial  lakes  Iroquois  and  Algonquin  (334),  first  skirting  •:paQ 
the  east  the  great  mUa  of  intruave  basalt  known  as  the  PaliaatUs,  nith 
their  mariteiily  columnar  jointing  and  interaoctiona  by  numerouij  faults. 
Above  Peekskill  we  enter  the  picturesque  narrows  of  the  ri\'er  (174),  cut 
in  the  hard  cr>'9talline  rocks  of  the  Highlands.  Entering  tbe  Mobairk 
\' alley,  we  pass  Syracuse  with  limestone  cavema  and  well-oriented  joints 
widened  by  solution  through  the  agency  of  the  descending  ground  water 
(181,  pi.  6  B).  A  branch  line  to  llie  southwest  reaches  the  vicinity  of 
Cayuga  Lake  and  Ithaca,  where  are  well-oriented  joints  which  have  eou- 
troUed  the  drainage  directions,  and  there  is  also  a  typical  strath  (55,  S7, 
42S). 

To  Niagara  Falls  at  least  a  day  should  be  allotted  for  the  "  gorge  ride  " 
by  trolley  car,  thus  making  the  complete  circuit  of  the  brink  of  the  gorge 
with  iiiterniptioiia  and  local  studies  at  all  important  points  (352-366,  pi. 
23  A).  From  Niagara  Falls  over  the  Michipin  Central  Railway  we  reach 
Detroit  on  the  present  outlet  of  the  upper  Great  Lakes  as  vreH  as  of  the 
later  Lake  Algonquin  (334).  From  this  city  as  a  center  a  trip  is  made  by 
electric  railway  to  Ypsilanti  and  Ann  Arbor,  across  the  bottoms  of  tlie 
early  glacial  hdtes  from  the  first  Maumee  to  Warren  (330-333).  Tbe 
strong  Whittlesey  beach  is  eneouatered  at  the  little  station  of  Ridge 
Road,  and  one  of  the  Maumee  beaches  on  Summer  Street  in  Yprilauii. 
The  city  of  Ypsilanti  is  biiiit  upon  a  terrace  (165)  of  the  Huron  River, 
and  another  terrace  in  the  same  series  is  crossed  l>y  the  electric  line.  In 
an  excursion  of  a  few  miles  down  the  river,  paj^sing  meanders  (164-1D5) 
and  o\-bow  lakes  (165,  415),  is  found  an  interesting  caae  of  stream  captuK 
near  the  little  village  of  Rawsonville  (175.  See  Isaiah  Bowman,  .Tour. 
Geo!,,  Vol.  12,  1904,  pp.  326-334). 

Continuing  our  journey  from  Ypalanti  over  a  high  moraine  (312),Ann 
Arbor  is  reached,  huilt  upon  the  level  plain  of  outwash  fl.-ith  fosses  Mine- 
times  separating  it  from  the  moraine  (281,  314).  Upon  tbe  campiw  of 
the  university  are  great  bowlders  of  jasper  conglomerate  and  jaspiUtc. 
which  were  transported  from  the  north  by  the  continental  Racier  (305), 
Across  the  river  from  the  Michigan  Central  station  and  liehind  the  tilllt 
church  is  a  delta  formed  in  one  of  the  glacial  lakes  Maumee  and  her* 
opened  in  section  (168).  West  of  the  city  is  a  great  valley  which  wa.*  the 
former  course  of  the  Huron  River  when  thus  diverted  by  the  continmtiJ 
glacier  lying  to  the  eastward  of  Ann  Arbor —  border  drainage  (see  .^nn 
Arbor  folio  by  the  U.  S.  G.  S.,  and,  further,  R.  C.  Allen  and  I.  D.  Sciilt, 
An  Aid  to  Geological  Field  Studies  in  the  Vicinity  of  Ann  Arbor.  Grow^ 
Wahr,  publisher,  Ann  Arbor). 

Returning  to  Detroit  (M.  C.  Ry.),  the  great  Sibley  quarries  in  limestone 
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Trenton  may  be  visited.  They  display  perfect  jointing,  numeroua 
fossils,  and  especially  well-glaciated  surfaces  interrupted  by  deep  troughs 
and  showing  strite  of  several  glnciations  (304).  From  Detroit  the  journey 
is  continued  by  steamer  to  Mackinac  Inland  in  the  strait  connecting  Lakes 
Michigan  and  Huron,  passing  on  the  way  through  the  peculiar  delta  of 
the  at.  Clair  River  (431),  and  coming  in  view  of  the  notched  headlands, 
vhtch  are  a  monument  to  the  post-glacial  uplift  of  the  glaciated  area  (260, 
341).  A  day  is  spent  at  Mackinac  Island  and  St.  Iguacc  in  order  to  study 
with  some  care  these  uplifted  strands  of  the  late  glacial  lakes  {341-344), 
Chicago  may  now  be  reached  either  by  steamer  or  by  rail,  and  in  its  vicinity 
we  may  see  the  elevated  beaches  and  the  ancient  outlet  of  Lake  Chicago 
(331-332,  347,  pi.  22  A.  See  Chicago  Folio,  V.  S.  G.  S.).  By  the 
Chicago  and  Northwestern  Railway  the  area  of  recessional  moraines  and 
intermediate  outwash  plmns,  and  later  that  of  the  drumlins,  are  crossed  in 
journeying  to  Madison,  Wisconsin.  By  examination  of  the  maps  on 
pages  308  and  317  in  connection  with  the  larger  scale  atlas  sheets  of  the 
United  States  Geological  Sun'ey  (Janesville,  Evansville,  and  Madison 
aheets),  this  car  journey  can  be  made  most  instructive  in  gaining  familiar- 
ity with  the  characteristic  glacial  features,  and  this  study  is  continued  to 
special  advantage  in  escuraions  about  Madison  as  a  ecnter(316-317.407). 
This  is  the  more  true  since  at  numerous  localities  in  the  vicinity  of  Madi- 
son the  well-striated  glacier  pavement  is  exposed  for  comparison  of  the 
Btriffi  as  regards  direction  with  the  axes  of  the  several  types  of  glacial 
fenturea. 

An  especially  instructive  excursion  may  be  made  by  carriage  in  a  single 
day  to  the  "  driftless  area  "  some  twelve  miles  west  of  the  city.  Before 
reaching  it  we  crrss  in  alternation  a  series  of  recessional  terminal  monunea 
(pi.  17  C)  and  outwash  plains,  and  near  Cross  Plains  encounter  the  par- 
tially dissectei!  upland  with  its  arborescent  drainag:e  and  even  sky  line  (298, 
300-301,  312-313,  pi.  16  A  and  B).  Typical  shore  formations  (233,  241, 
242)  are  studied  to  advantage  about  Lake  Mendota  in  a  walking  trip  to 
and  beyond  Picnic  Point,  where  are  found  the  best  ice  ramparts  (431-434, 
Bee  Buckley,  Trans.  Wis.  Acad.  Sri.,  Vol,  13,  pp.  141-162,  pis.  18). 

Our  journey  is  now  continued  over  the  Chicago  and  Xortbweatem 
Railway  to  Devils  Lake  near  Baraboo,  whore  we  cross  a  salient  of  the 
driftless  area,  within  which  lies  Devils  Lake,  imprisoned  in  a  former  valley 
of  the  Wisconsin  River,  since  diverted  to  another  course  as  a  result  of  the 
glacial  invasion  (312-313).  The  valley  here  ia  a  former  narrows  in  hard 
quartzite  (466),  which  towers  above  the  lake  in  unstable  chimneys  (300), 
such  as  the  Devils  Tower,  but  such  remnants  are  not  found  on  the  other 
aide  of  the  moraine,  being  there  replaced  by  rounded  rock  shoulders.  Juat 
north  of  the  lake  the  marginal  moraine  which  blocks  the  valley  is  so 
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characteristic  as  to  merit  special  study  (pi.  17  C).  OalyafewmileBiu 
ward  along  the  railway  from  Devila  Lake  is  Ablemaii,  where,  exposed  io 
a  high  cliff,  the  hard  purple  quartzite  with  beautiful  ripple  nmrks  to  reveal 
its  plane  of  sedimentation  (pi.  11  A)  dips  vertically,  ami  is  o^-erlain  by 
horizontally  bedded  yellow  sandstone.  The  marked  angulaj  unconformity 
which  is  thua  displayed  is  further  made  evident  by  a  basal  layer  of  con- 
glomerate (463)  in  the  sandstone  (51-53).  Here  also  are  deports  of  loe« 
along  the  river,  which  display  their  vertical  joint  surfaces  (207).  An 
excellent  geological  guide  to  tliis  interesting  district  and  that  of  the  uej^ 
boring  "  Dalles  "  of  the  Wisconsin  River  has  been  written  by  Salisbury 
and  Atwood  (The  Geography  of  the  Region  about  Devils  Lake  aud  the 
Dalles  of  the  Wisconsin,  etc,  Bull.  5,  Wis.  Geol.  and  Nat.  Hist.  Sun-.,  1900, 
pp.  151,  pis.  38,  figs.  47). 

If  we  have  taken  a  conveyance  at  De\Tls  Lake  for  Ablemait,  we  may 
continue  in  the  same  manner  to  Kilboum,  where  begin  the  picturaque 
Dalles  of  the  Wisconsin  River — here  a  young  gorge  cut  in  aaodstone, 
because  the  Wisconsm  was  diverted  from  its  old  valley  ta  border  drainage 
at  the  edge  of  the  driftless  area  (300,  321).  The  side  cafions  of  the  ri\-er, 
through  their  abrupt  zigKaga,  reveal  the  control  of  their  courses  by  the  jwnt 
system  (224).  In  the  journey  up  the  rapids  by  steamer  to  inspect  tivi 
Dalles,  we  observe  many  beautiful  examples  of  cross  bedding  in  the  seaA- 
stone  (37). 

From  Kilbourn  we  continue  our  journey  to  Minneapolis  over  the  Chicago, 
Milwaukee,  and  St.  Paul  Railway,  and  near  Camp  Douglas  are  over  a  pwe- 
plain,  out  of  which  rise  prominent  monadnocks  (171).  At  La  Crosee  the 
Mis^ssippi  River  ia  reached,  flowing  beneath  bluffs  of  sandstone  which  are 
ca|>ped  by  loess  (207).  The  meanderings  and  the  numerous  cut-offs  of 
the  Mississippi  may  be  observed  to  the  left  (415).  Lake  Pepin  b  a  side- 
delta  lake  blocked  by  the  deposits  of  the  Chippewa  River  (419). 

From  Minneapolis  an  excursion  is  made  to  Fort  Snelling  Ut  view  \i» 
young  gorge  of  the  Mississippi,  cut  by  the  Falls  of  St.  Anthony  for  a  distance 
of  about  eight  miles  in  maimer  similar  to  that  of  the  seven  miles  of  Nia^ia 
gorge  (354),  and  to  compare  this  narrow  gorge  with  the  broad  valley  of  tlie 
Warren  River  which  drained  Lake  Agassiz  (327).  Somewhat  farther  up 
the  Warren  River  are  examples  of  saucer  lakes  (416). 

From  Minneapolis  the  journey  may  be  continued  by  the  Great  N'orthcm 
Railway  to  Livingston,  Montana,  thus  crossing  between  the  statigns  uf 
Muscoda  and  Buffalo  the  bod  of  Lake  Agassiz  and  its  marginal  iMtachcs 
(325-328.  For  local  geology-  of  Minnesota  consult  C.  W.  Hall,  Geology 
of  Minnesota.  Vol.  I.  MiuneapoUs,  1903). 

The  Yellowstone  Park  is  entered  from  Livingston  (Lix'ingaton  Geoki^- 
cal  Folio.  U.  S.  G.  S.)  and  departure  from  it  made  at  the  relatively  new 


APPENDIX  E  471 

Union  Pacific  terminal  at  the  southwest  margin.  The  regular  trip 
through  the  Park  includes  viaita  to  the  several  geyser  basins  (191-194), 
Obsidian  Cliff  (33, 463).  the  Caflou  of  the  Yellowstoac,  etc.  Good  climbers 
can  make  a  aide  trip  from  near  the  Mammoth  Hot  Springs  to  ttte  top  of 
Quadrant  Mountain,  the  remnant  of  a  "  biscuit  out  "  upland  (372),  and 
there  study  the  nivation  process  (368,  Yellowstone  National  Park  Folio, 
U.  S.  G.  S.). 

The  trip  from  the  Park  to  Salt  Lake  City,  over  the  Union  Pacific  Rail- 
way, passes  through  the  Red  Rock  Pass,  the  former  outlet  of  Lake  BDnD&- 
ville  (423),  into  the  desert  of  the  Great  Basin  (Chaps.  XV  and  XVI). 
Great  Salt  Lake  is  a  saline  lake  or  sink  with  an  interesting  record  of  cli- 
matic changes  (198,  401).  The  front  of  the  Wasatch  Range,  in  view  and 
easily  reached  from  Salt  Lake  City,  is  deeply  scored  by  the  horizontal 
shore  terraces  of  Lake  Bonneville  (198,  199),  and  these  terraces  are  ex- 
tended at  every  reentrant  by  barrier  beaches  of  great  perfection.  In  the 
Pleistocene  period  mountain  glaciers  in  part  occupied  the  valleys  of  this 
range,  though  they  did  not  always  extend  as  far  as  the  mountain  front. 
Big  Cottonwood  Cafion,  which  realiaes  this  condition,  and  the  neighbor- 
ing Little  Cottonwood  Cafion,  from  whose  front  its  glacier  spread  into  an 
expanded  foot  (364),  thus  show  for  comparison  in  a  single  view  the  V 
And  the  low  U  sections  respectively  (172,  376).  Here  are  also  alluvial 
fans  (213)  and  recent  faults  which  intersect  them. 

From  Salt  Lake  City  the  return  to  New  York  may  be  made  by  the- 
Denver  and  Rio  Grande  Railn-ay  across  deserts  and  through  the  Royal 
Gorge,  the  cafion  of  the  Arkansas  River.  A  full  itinerary  of  the  points 
of  geological  interest  along  this  route,  and  continued  to  Chicago,  Washing- 
ton, and  New  York,  ia  supplied  in  much  detail  in  theguide  of  the  geological 
excursion  to  the  Rocky  Mountains  above  cited.  This  the  traveling  geol- 
ogist should  not  fail  to  study.  Some  references  to  points  along  this 
journey  will  be  found  on  preceding  pages  of  this  book  (219-220,  High 
Plains;  170,  Allegheny  Plateau  in  West  Vii^nia;  176,  water  gap 
Harper's  Ferry;  176-177,  184-186,  side  trip  up  the  Shenandoah  Vall( 
to  Luray  Caverns  and  Snickers  Gap;  251,  Chesapeake  Bay). 

Instead  of  returning  directly  from  Salt  Lake  Cit}',  the  traveler,  if  he 
has  suificient  time  at  his  disposal,  may  extend  his  journey  southwestward 
across  the  Great  Basin  to  Los  Angeles.  A  branch  line  from  this  route 
leaves  the  Vegas  Valley  and  passes  within  reach  of  the  famous  Death 
Valley  (201)  to  Tonopah  (79)  and  the  Owens  Valley  (77-78,  92).  where  are 
many  surface  faults  dating  from  the  earthquake  of  1872  and  other  less 
recent  disturbances.  Returning  to  the  junction  point,  the  route  continues 
across  the  Colorado  and  Mohave  deserts  to  Los  Angeles.  From  Los  Angt 
as  a  center  the  exceptionally  interesting  terraces,  caves,  and  stacks  of 
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uplifted  coast  arc  to  be  seen  to  best  advantage  near  Pt.  Harford  I 
XIX).     The  islands  of  San  Clemente  and  Santa  Catalina  may  a 
reacht-d  from  Los  Angelea  (239,  248,  249,  250,  256,  257,  pis.  5  B,  1 
12  A).     Tlie  return  to  the  East,  if  made  by  the  Santa  Fe  Railway,  p 
mite  of  a  visit  to  the  Grand  Cafion  (174, 443)  from  the  station  of  WiUians. 
From  that  point  eastward  the  geology  of  the  route  is  fully  covered  it 
mons'  Guide  to  the  Ilocky  Mountain  Excursion  already  citod. 
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For  the  benefit  of  those  who  are  privileged  to  travel  iu  Europe,  and 
number  increases  yearly,  a  pilgrimage  is  suggested  which  nuky  easily  be 
made  to  correspond  with  plans  hud  out  on  the  I>s3is  of  historical,  artistic. 
and  scenic  poiuta  of  interest.  The  only  popular  guide  of  a  general  nature 
written  fur  geologists  traveling  abroad  appears  to  be  a  brief  but  valuable 
little  paper  by  Professor  Lane  (The  Geological  Tourist  in  Europe,  Popular 
Science  Monthly,  Vol.  33,  18S8,  pp.  216-229).  The  publishing  house  of 
Ocbriider  Bomtrager  in  Berlin  is  now  publishing  a  quite  valuable  series 
of  geological  guides  dealing  with  special  district*  and  written  by  well- 
known  authorities  (Sammlung  Geologischer  Piihrer) ,  Of  this  series  some 
thirteen  numbers  have  already  been  issued.  Many  other  \'aluable  locail 
guides  of  a  geological  nature  are  the  Livrets  Guides  of  the  Int^rnatianal 
Geological  and  Geographical  Congresses,  and  the  similar  pamphlets  sup- 
plied in  connection  with  annual  meetings  of  national  or  provincial  geo- 
logical societies. 

Passengers  on  steamships  sailing  from  the  harbor  of  New  York  pass  out 
over  a  deeply  submerged  cafion  (252)  largely  filled  with  glacial  depoeiii, 
through  the  Narrows  (174),  and  in  sight  of  Sandy  Hook,  a  modified  spit 
(238,  240).  To  the  left  are  seen  the  groat  morainie  accumulations  at  the 
border  of  the  glaciated  area  on  Long  Island  (298).  In  the  course  of  the 
trans-Atlantic  voyage  a  much-rounded  iceberg  may  be  encountered  (291), 
though  this  is  much  more  apt  to  oceur  upon  the  northern  routes  from 
Quebec,  and  late  in  the  season.  Upon  entering  the  Kngliah  Channel  the 
land  on  both  coastsrises  in  steep  cliffs,  where  are  found  all  the  common  abon 
features  well  developed  (Chap.  XVllI).  The  Gorman  steamships  paa 
in  sight  of  Heligoland,  that  last  remnant  of  wave  erosion  (236). 

While  traveling  in  Europe,  the  student  should  consult  a  map  of  the 
glaciated  area  (299),  and  so  leani  to  recngiiiae  its  peculiaritjes,  and  cans 
fully  mark  its  mai^nal  moraine  (311)  and  other  strongly  marked  fcatURS. 

If  the  British  Isles  are  visited  and  the  more  rugged  areas  are  aelectod, 
one  may  study  the  cirques  and  other  eharacteristic  features  due  lo  ite 
presence  of  mountain  glaciers  about  Snowdon  (Chap.  XXVI). 
mature  stages  of  the  same  processes  are  to  be  found  in  the  Scottish 
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lands  and  the  Inner  Hebrides,  but  especially  upon  the  Island  of  Skye  (Fig. 
402).  A  vcrj'  valuable  aid  to  excursionB  in  this  district  is  Baddeley'a 
Scotland  (part  I,  Dulau,  London)  and  Sir  Archibald  Geikie's  Explana- 


tory Notes  U>  accompany  Bartholomew's  Geological   Map  of  Scotland 
(map  and  notes  in  cover,  Edinburgh,  1892,  pp.  23). 

It  is  from  Oban,  the  "  Charing  Cross  of  the  Highlands,"  that  one  should 
start  out  upon  the  summer  steamers  in  order  to  reach  both  Skye  and 
Staffa,  the  latter  with  fine  basaltic  columns  (4(13),  and  Fingal's  Cave.  In 
sailing  to  Skye  one  passes  upon  either  shore  of  the  narrow  fjords  many 
relics  left  in  the  dissection  of  volcanoes  (130-143  and  Sir  A.  Geikie,  Ancient 
Volcanoes  of  Great  Britain,  Vol.  II) ;  also  rocky  islands  and  skerries 
marking  submergence  (252),  and  the  coast  terraces  which  register  a  later 
uplift  (250).     Skye  is  a  complex  of  many  intrusive  and  volcanic  rocks  of 
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such  markedly  different  colore  as  to  appear  as  tints  in 
the  Cuchillin  HilU  of  dark  green  riHea  the  maasive  g&bbro  (462)  cut  by 
cirques  into  the  jagged  pinnacles  of  horns  and  comb  ridges  (373) ;  while 
lower  down  and  to  the  east  are  rounded  domes  of  liiyolite  (463)  obrnded 
beneath  the  glaciers  and  of  a  delicate  salmon  tint.  Still  lower  and  to  the 
westward  arc  flat  meaaa  composed  of  horizontal  layers  of  black  baa&lt 
under  a  rich  carpeting  of  the  brightest  verdure.  Eastward  acrow  the 
channel  are  seen  the  purplish  walls  of  an  ancient  sandstone.  The  jagged 
gabbro  core  of  the  island  thus  represents  a  fretted  upland  (372)  and  a 
now  the  training  ground  of  the  Alpinist  (Abraham,  Rock  Climbing  in 
Skye,  Longmans.  London,  190S),  while  nestled  in  one  of  the  bottoms  of  a 
U-vatlcy  is  Loch  Coruiak,  atypical  rock-basiii  lake  (412),  tts  shores  of  bard 
rock  planed  and  scored. 

From  Skye  we  may  go  to  study  the  remarkable  thrusts  (45)  on  the  north 
shore  of  Loch  Maree,  a  marked  lineament,  and  one  directed  at  ri^t  aoglM 
to  that  on  the  course  of  the  Caledoniaa  Canal  connecting  lx>ch  Linnc  with 
Loch  Ness.  This  northeast  wall  of  Loch  Marec  is  a  stiildn^y  rectilincu 
fault  represented  by  an  escarpment,  up  which  we  cl'unb  to  find  at  the  top 
the  crushed  and  fluted  thrust  planes  of  movement  dipping  southeastwani 
at  a  flat  angle.  Here  also  are  beautiful  rock-basia  lakes,  lying  in  hollovs 
molded  beneath  the  continental  glacier.  On  our  way  from  Skye  we  hare 
passed  up  Loch  Carron,  a  sea  loch  or  fjord  (252),  and  along  the  strath  at  ita 
head  known  as  Strathcarron  (428). 

Returning  now  to  Oban,  it  is  but  a  short  trip  by  steamer  up  Loch  linne 
to  Fort  William  along  the  striking  lineament  (226)  which  continues  to 
Loch  Ness  and  beyond  (Fig.  492),  and  thence  by  rail  to  Glen  Roy  and  the 
neighboring  glens  of  Lochaber  (322-325). 

From  Paris  as  a  starting  point,  wc  may  ^'isit  in  a  most  picturesque  rc^on 
the  beautifully  preserved  craters  of  extinct  volcanoes  in  the  Auverxne  <d 
Central  France  (105,  124,  145),  which  district  is  entered  from  Clemioiit- 
Ferrand.  Here  are  found  the  cliaracteristic  puys,  steep  lava  domes  of 
viscous  lava  (105),  which  figured  largely  in  the  early  controversies  of  geol- 
ogists concerning  the  origin  of  rocks. 

The  rest  of  our  pilgrimage  will  be  so  planned  as  to  enter  the  noble  nva 
Rhine  at  its  mouth  (Fig.  493).  ascend  its  course  to  it»  birthplace  in  llw 
snows  of  Switzerland,  and  after  further  exploration  of  the  features  of  tliia 
fretted  upland,  traverse  northern  and  central  Italy  so  as  to  make  our 
departure  for  America  by  the  southern  route.  Entering  then  upoD  this 
course  in  the  Low  Countries,  we  have  first  the  opportunity  of  observ- 
ing the  characteristics  of  a  great  delta  with  natural  levees  artifidally 
strengthened  as  dikes  (165-168).  Here  also  are  found  dunes  of  beach 
material  which  has  been  raised  by  the  wind  into  a  great  rampart  near  the 
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abore  (209-211).  Such  k  w&ll  of  dune  sand  is  well  displayed  at  tlie  bathing 
mort  at  Scheveniugen  near  the  Hague  (421).  The  flood  plain  of  the 
Kbiue  (162-165)  may  be  studied  in  a  journ^  up  the  river  to  the  unir 


Fia.  493.  —  OutliDe  map  of  a  geological  pilgrimage  across  the  contiaent  or  Europe. 

verdty  town  of  Bonn,  from  whence  a  day's  excursion  should  be  devoted 
to  the  relics  of  volcanoes  known  as  the  Seven  Mountains  (H.  von  Dechen, 
Geognostischer  Fuhrer  in  das  Siebengebiige,  Bonn,  1861).  As  a  prepara- 
tion for  iiiia  trip  and  others  in  tlie  volcanic  Eifel  higher  up  the  river,  a  vist 
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should  be  made  to  the  mineral  and  rock  coUectionB  of  the  Poppelslorfcr 
Schloaa  at  the  Uuiversity.  In  the  volcanic  Eife]  are  found  some  of  the 
most  interesting  of  crater  l.ikea  (405).  the  largest  being  Lake  Laach  with 
its  Bomewhat  peculiar  volcanic  ejectamenta  and  its  picturesque  abbey  (sec 
von  Dechen,  Geognostischer  Filhrer  bu  der  Vulitanreibe  der  Vorder-Eifel, 
etc.,  Bonn,  1886.     Consult  also  Lane,  A  Geological  Tourist  in  Europe,  !.<.). 

Continuing  our  courae  up  the  river  from  Bonn,  we  aoon  enter  the  gorge 
of  the  Rhine  cut  in  an  uplifted  peneplain  (109,  171,  174).  From  CoHcn*, 
where  tiie  Moselle  enters  the  Rhine,  a  side  trip  may  be  made  up  this  trib- 
utary river  past  Zell  with  its  entrenched  meanders  (173)  to  the  ancient 
Roman  city  of  Treves.  Above  Biiigen  on  the  Rhine  we  leave  behind  us 
the  narrow  gorge  and  rapid  current  of  the  river  and  continue  over  the  broad 
floor  at  the  bottom  of  a  rift  valley  (403),  lying  lietween  the  forest  of  Oilin 
and  the  Black  Forest  on  the  east  and  the  "  Blue  AlsatiaJi  Mountaiaji " 
far  away  to  the  west.  At  the  margins  of  this  plain  axe  beds  of  loess  with 
their  characteristic  joint  structures  and  inclusions  (207),  and  in  the  higher 
hills  on  cither  hand  a  wealth  of  intrusive  igneous  rock!<. 

At  the  entrance  of  the  Neckar  River  to  this  broad  plain  ia  nestled  the 
picturesque  castle  and  university  town  of  Heidelberg,  a  convenient  center 
for  excursions  (Julius  Ruska,  Geologische  Streifeilgc  in  Heidelberg* 
Umgebung,  etc,,  Nagele,  Leipzig,  1908,  pp,  208,  map).  At  Strasshurg 
(Schwariwaldstrasse  12)  is  located  the  German  Chief  Station  (or  Earth- 
quake Study,  with  a  particularly  large  set  of  modem  seismographs.  In 
the  university  cabinet  is  also  one  of  the  lareesl  and  inwt  ^cpresc^tali^■o 
mineral  collections  in  Europe.  For  excursions  in  the  neighborhood  oon- 
Bult  Benecke,  Sammlung  Geognostische  Filhrer,  Vol.  5,  Elsass,  1900. 

From  Strasaburg  we  may  go  by  the  Black  Forest  Railway  to  the  Hegau 
with  its  volcanic  plugs  (140),  each  surmounted  by  a  picturesque  castle. 
We  enter  next  the  broadly  extended  piedmont  apron  wte,  above  which 
Lake  Constance  still  remains  as  a  border  lake  (399).  Outwash  aprons 
(314),  moraines  (311),  and  drumlins  (317)  are  each  in  turn  encountered. 
Still  continuing  our  course  up  the  Rhine  from  Bregenz,  we  enter  the  fretted 
upland  (372)  of  the  Alps,  mountains  composed  of  great  folds  and  thrusts 
about  a  core  of  intrusive  rock  (Rothpletz,  Sammlung  Geolo^sche  Ffihrer, 
Vol.  10,  1902,  Thrusts  in  the  Alps  between  Lake  Constance  and  the 
Engadine).  Some  fourteen  miles  above  Chur  we  pass  the  terrace  pro- 
duced by  successive  landslides  (414),  known  far  and  wide  as  the  Flimscr 
BergstUrz.  The  further  assent  of  the  cascade  stairway  of  this  glacier- 
carved  valley  brings  us  to  the  Fuiiia  Pass,  from  which  point  magnificent 
views  of  the  fretted  upland  are  obtained.  At  the  Kaneli,  a  mile  from 
the  hot«i,  one  may  .view  the  nivi  of  the  Rhone  Glacier,  which  may  also 
ea^ly  visited. 
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We  have  now  followed  a  great  river  from  its  mouth  in  the  sanda  of 
HoUaod  to  its  source  in  the  snows  of  the  higher  Alps.  Passing  over  the 
divide  and  descending  to  Gletsch,  we  may  observe  the  lower  end,  or  foot, 
of  the  Rhone  glacier  and  the  crevasses  and  s6raca  (39!)  on  the  steep  descent 
of  this  radiating  glacier  (383,  386).  The  response  which  glaciers  make 
climatic  changes  is  here  well  illustrated  by  the  recession  of  the  glac 
front  from  near  the  hotel  (its  position  in  the  '50b  of  the  nineteenth  eeatuiyJ^J 
to  its  preaent  position  about  a  mile  farther  up  the  valley. 

The  characteriatioa  of  a  glaciated  mountain  valley  may  be  furthe^J 
illustrated  by  climbing  to  the  Grimael  Pass,  which  is  scratched  and  striated 
(377,  385),  and  then  descending  the  valley  of  the  Aar  to  Meyriugen  (377), 
Near  the  Grimael  Hospice  are  the  characteristic  rock  liaain  lakea  (412)| 
and  upon  the  Aar  Glacier  to  our  left  were  carried  out  the  epoch-making 
researches  of  Louis  Agassiz,  the  founder  of  the  glacial  theory  for  expli 
ing  the  drift.  We  encounter  some  thirteen  rock  bara  (377).  Just  beforei 
reaching  Meyringen  we  pass  the  last  of  these,  the  Gorge  of  the  Aar,  cul 
by  the  stream  through  limestone. 

Interlaken  (419)  may  be  made  the  center  for  additional 
the  Lauterbruimcn  Valley,  with  its  prominent  atbs  (376)  and  its  ribboaj 
fall  of  the  Staubbach  (378).  By  the  Jungfrau  Mountain  railway  we  may 
now  ascend  partly  in  tunnels  of  the  rock  to  the  Ewigeiameer,  and  li 
down  upon  the  n6v6  and  bergachrunds  of  the  Great  Alctsch  Glacier  (370,r 
see  Baltzer,  Sammlung  Geologische  Fuhrer,  Vol,  10,  Bernese  Oberland,, 
1906).  Returning  to  Interlaken  by  way  of  Grindelwald,  one  may  study 
the  foot  of  a  radiating  glacier,  the  Untcrgrindelwald  glacier,  with  its  tuimd 
and  its  milky  and  braided  stream. 

Crossing  now  the  Alpine  foreland  to  Villeneuve  at  the  upper  end  of  Lake 
Geneva  and  ujwn  a  well -developed  strath  (426,  428),  we  may  look  out 
upon  the  turbid  waters  extending  far  from  the  ahore  of  the  lake.  Journey- 
ing to  Geneva  by  steamer  we  note  the  gradual  clearing  of  the  water  until 
at  the  outlet  of  the  lake  it  is  as  clear  as  crystal.  A  walking  trip  from 
Geneva  tftkea  us  to  the  Boia  de  la  Bdlie,  where  tlie  Arve  with  turbid  waters 
meets  this  clear  stream  (427). 

The  railroad  to  Cbamonix  ascends  another  cascade  stairway  (376), 
affords  views  of  complexly  folded  sedimentary  rocka  (43),  and  at  Ciiamonix 
itself  the  mer  de  glace  supplies  opportunities  for  the  study  of  moraines 
(386,  393)  and  glacial  movement  (390-392).  To  experienced  Alpinists 
the  summit  of  Mount  Blanc  offers  a  remarkably  extended  outlook  over  the 
fretted  upland  of  the  Alps  (pi.  18  A).  From  the  station  of  LeFayet  below 
Chamonix,  one  may  ascend  to  the  Desert  de  la  PlaW,  where  are  Schratten 
in  limestone  due  to  solution  (188). 

Crossing  by  one  of  the  pasaea  to  the  valley  of  the  Rhone  at  Martigny 
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we  may  reach  Zennitt,  to-day  the  climbing  center  of  the  Alps.  FnBQ 
subordinate  cirques  surrouDding  tbia  village  descend  the  Gomer,  Flndelen, 
St.  Theodiil,  and  other  components  of  this  radiating  glacier.  A  black 
lootl]  of  rock,  the  Matterhorn,  towers  above  the  other  peaks  and  abowa  to 
greatest  advantage  this  feature  of  glacial  sculpture  (374),  while  the  Gorge 
of  the  Gorner  is  a  severed  rock  bar  like  that  of  tlie  Aar  (377).  Either  otr 
foot  or  over  the  mountain  railway  we  may  ascend  to  the  Gomer  Grat, 
a  subordinate  comb  lidge  (373)  whicli  alTords  one  of  the  most  magnificent 
and  instructive  views  of  radiating  glaciers. 

fnrni  Brig,  farther  up  the  Rhone  Valley,  an  excursion  is  made  to  the 
Eggi^om  Hot^l,  a  center  for  study  on  and  about  the  Great  Alctecli 
Glacier  (329,  371,  385,  388,  395,  410).  The  cas>-  accent  of  the  Eggiehoro 
b  tvwarded  by  a  view  almost  directly  downward  upon  the  iceMj&tnmttl 
^Urjelen  Lake  (329,  411). 

From  Brig  one  may  make  his  entry  into  Italy,  either  over  the  pictur- 
esque Sunplon  route  afoot  or  by  diligence,  or  else  tieneath  it  tlirou^  the 
railway  tunnel.  By  an  alternation  of  short  steamboat  and  rait  trip$  the 
journey  is  continued  in  a  direction  transverse  to  the  longer  axes  of  the 
bonier  lakes  Maggiorc,  Lugano,  and  Como,  and  later  southward  to  &[ibn. 
In  leaving  the  %Tilage  of  Como  we  pass  over  heavy  morainic  dcpositu  on 
the  apron  bonlers  of  the  expandeil-foot  glacier  (333,  iS5)  which  once 
occupied  the  valley  abo\e.  tin  the  journey  from  Milan  to  Venice,  over 
the  fertile  plains  of  Lombardy,  the  similar  accumulations  about  Lake 
Garda  (414)  are  first  encounteml  at  the  little  station  of  Loiiato  an<i  left 
behind  at  Somma  Campagna  (Tomquist,  Samnilung  Gcologische  Fahrer, 
Vol.  9,  Northern  Italy,  1902). 

The  city  of  A'enice  is  built  upon  pile  foundatione  iu  the  lagoon  belunil 
the  barrier  beach  known  as  the  Lido  (242,  42S-429).  From  here  we  may 
reach  the  Karst  country  by  way  of  Trieste,  some  of  the  more  iuttresting 
and  typical  features  being  found  near  Dlvaea  (187-1S9,  422,  pi.  6  A).  In 
a  (Merent  direction  from  Venice  by  way  of  Belluno  we  enter  the  Dolo- 
mites with  their  patterned  relief  and  battlemented  towers  (228,  445). 

Additional  centers  for  geological  excursions  on  the  route  to  our  point  of 
departure  from  Italy  are  Rome  and  Naples.  At  the  Italian  capitol  and 
in  its  neighborhood  wc  may  study  the  volcanic  Campagna  with  its  bnda 
of  tuff  (105)  and  its  crater  lakes  (405.  Sec  Sir  A.  Geikie,  The  Roman  Cam- 
pagna, Landscape  in  History  and  other  Essays,  Macmlllan,  1905.  pp.  SOS- 
352;  alsoDeecke.SammlungGeologischeFikhrer.Vol.  8,  Campagna,  1901). 
From  Rome  it  is  an  easy  journey  to  the  cataract  of  Tivoli  with  its  deposits 
of  travertine  (184).  In  the  opposite  direction  from  Rome  across  the 
Campagna  rise  the  Alban  Hills,  niina  of  a  composite  cone  with  eeversl 
crater  lakes  on  the  sites  of  former  vents.    On  the  summit  of  the  encirchng 
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crater  rim,  like  the  Monte  Somma  of  the  Vesuvian  Mountain  now  a  cres- 
cent only,  is  located  the  chief  Italian  station  for  earthquake  study. 

From  Naples  we  may  reach  in  short  excursions  and  study  with  some  care 
still  active  volcanic  mountains.  To  the  east  is  Mount  Vesuvius  (94,  97, 
122,124, 127-137),  which  was  in  grand  eruption  in  April,  1906.  Westward 
from  Naples  are  the  Campi  Phlegraeii,  or  burning  fields,  with  many  craters. 
Of  these  Astroni  offers  a  fine  example  of  a  large-cratered  cinder  cone  (105). 
In  the  same  vicinity  are  Monte  Nuovo  (96)  and  the  Solfatara  (97),  the 
latter  a  type  of  volcano  which  no  longer  erupts  lava,  but  in  its  place  emits 
carbon  dioxide  and  other  gaseous  emanations  (Grotto  del  Cane).  The 
starting  point  for  excursions  in  the  Phlegrsean  fields  is  Pozzuoli  with  its 
Temple  of  Jupiter  Serapis  (254-255),  reached  from  Naples  by  an  electric 
line  which  pierces  the  wall  of  an  immense  crater  (Posilippo)  composed  of 
fine  yellow  volcanic  ash  known  as  Pozzuolan. 

From  Naples  steamers  make  short  excursions  to  Sorrento  with  its  deep 
ash  deposits,  and  to  Capri  with  its  blue  grotto  (257-258).  Herculaneum 
(139)  and  Pompeii  (122),  buried  during  the  eruption  of  79  a.d.,  are  on  the 
line  of  the  Circum-Vesuvian  Railway. 

Steamships  to  New  York  from  Naples  call  at  Gibraltar,  the  land-tied 
island  par  excellence  (241).  Most  steamships  of  the  southern  route  pass 
through  or  near  the  volcanic  islands  of  the  Azores,  and  certain  boats  touch 
at  Algiers,  from  which  a  line  of  railway  gives  access  to  Biskra  on  the 
borders  of  the  Desert  of  Sahara. 

Throughout  these  pilgrimages  the  traveler  should  be  on  the  alert  to 
note  not  only  the  agent  responsible  for  the  features  which  come  under  his 
observation,  but,  especially  where  this  is  the  common  sculpturing  agent 
of  running  water,  he  should  not  fail  to  notice  the  stage  of  the  erosion 
cycle  which  is  represented  (Chapter  XIII). 
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Arfetes,  373. 

Arldt,  Theodore,  cited,  11,  19,  438. 

Arnold,  Ralph,  cited,  157. 

Arrangement  of  oceans  and  continents, 
10. 

Artesian  wells,  190,  191,  196. 

Ash,  volcanic,  122. 

Askja,  eruption  of,  in  1875,  101. 

Assmann,  R.,  cited,  294. 

Astronomical  vs.  geodetic  observations, 
12. 

Atlantis,  North,  16. 

Atmosphere,  compressibility  of,  8. 

Attack,  of  the  weather,  149. 

Atwood,  W.  W.,  cited,  7,  160,  298,  300, 
313.  372. 

Axial  plane,  of  folds,  42. 

Axis,  of  folds,  42. 

Asuritc,  453. 

Bacteria,  part  taken  in  weathering,  156. 

"Bad  Lands,"  control  of  relief  in,  223, 
224. 

"Bad  Land'*  topography,  214. 

Bajir,  216. 

Balance,  between  degradation  and  aggra- 
dation, 161. 

Bandai-san,  dissection  of,  141. 

Barchans,  211. 

Barrancoes,  139. 

Barrel!,  J.,  cited,  221,  447. 

Barrier  beaches,  240;  sections  of,  242; 
uplifted,  249.  250. 

Barrier  lakes,  420. 

Barriers,  240;  mountain,  in  relation  to 
glaciers,  262. 

Bars,  240. 

Basal  conglomerate,  37,  53. 

Basalt.  463;  faulted  blocks  of,  58; 
of  Hawaii,  105. 

Base  level,  159. 

Basin-range  lakes,  402,  403. 

Basin  Range  structure,  440. 

Basins,  flat  bottomed,  separating  dunes, 
216 ;  of  exudation,  272 ;  of  sedimen- 
tation, earlier,  38. 
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BMi>.  E.  &.  oted.  no. 

Burtan.  VT.  K..  dted.  «3. 

Suites.  216. 

•lUlh  tuta.-  395. 

ByaroaUte.  442.  M7. 

B<uh  pcbblo.  339. 

BewAiuid.  308.  238. 

410:       aliuitf<\      23«;       Btora,      240; 

Calnle.465. 

Calilrni,    405.    of    conpodtc    <ral«iui) 

Bwdr.  J.  W..  eit«l.  IBS. 

•XHKS.  130. 

Camiguin  volcano,  birth  of.  96.  97. 

Cwnpbdl,  M.  R-.  dtnl.  178. 

B<)t  of  -M  which  <liT)d«  lUkd  msOMM, 

CanaDB.  160:  bo>.  214. 

Capri,  blue  grotlo  of.  :257,  2SS. 

Brrehaua.  H..  dUd,  434. 

Capture,  rii-er,  17i.  176.  IT9. 

CarboniMtian.  151- 

Brraon.  A  ,  dwd.  294. 

B^nhwii.  G«u«sl.  cit«I,  7. 

-Bird-foot"  ddtii,  167. 

C»fade  Btairwaj-.  376. 

•■  Bi»fmt  cuttioB"  tSact  erf  duial  k>u1;>- 

Ca^iian  Depmnon.  14. 

tuft.  3T2. 

Bl»ckwFlder.  E..  dted.  318. 

Cavenu,    galledm    direoted    bjr   joinls. 

B1«L  iDOUDtain*.  446. 

Blocks  orocnphic,  SS. 

B.KrKi.  125. 

Cava.  aea.  234. 

Hoc.  Boktinc.  429. 

Cdlular  atnirture.  of  lava  Aomra,  11* 

BoiR.  of  peal.  429.  430. 

BoQDey,  T.  G..  cited.  146. 

Pteialoceiip  Rladeta,  20S. 

Bonu  depoRta.  Id  deaerts.  201. 

Centrosphere.  8. 

Bolder   dninacp.   kbout   EUden.   3I«. 

320,321. 

Chaii.  .V.  dted.  106. 

Border  Uko.  309.  414. 

Ch«<.  E..  dted.  198. 

BaMra.143. 

Chalmpj-rite.  453. 

173. 
'•Bowldfrd«j-."310. 

196.  205.  221.  223,  293.  295.  318,  319. 

"BowidM'  pavemenl,"  337. 

337.330. 

BowldfTB.    fa«l«l.   310:    gladal.    298; 

Character  praQtw,   coaat.  due  to  uplift 

"soled."  2T6.  310:   thrown  up  during 

or  depnawon.  359;    rompoate.  2»: 

directly  due  to  volcuiic  agpodM.  145. 

Bowlder  traina.  306. 

140:    from  Blream  eronon  in  bumid 

Bowman.  laaiah.  dl«d.  178. 

diniBtM.  177;  of  arid  ianda.  220;  uf 

Box  MOooa.  314. 

■bore     featurffi.      243:      refcnble     U> 

Braid«)  (tivama.  280. 

Branort.  J.  C.dted.  6.91. 

mountain  gjadem,  379. 

Btrakvn.  333. 

Breccia,  fault.  60. 

Chicago  ouUet.  331. 

BHdim.   nature  of  danuup   to,   during 

Chinincj-B.  in  -driWwa  i^."  300. 

Mrtbqualin.  75.  76. 

Chimuo^.  abore  feature.  334. 

BriKham.  A.  P..  died.  424. 

China.  loe»  of,  207.                                          '    ■■ 

Briiggrr.  W.  C.  dted.  66. 

Chlorite.  458.                                        ,^H 

Bni«.  W.  S.,  rited.  290,  382.  399.  414. 

Chlorite  Bchirt.  465.                                J^^H 

Bry&nt.  H.  G.,  dt«d,  289. 

Cicatrice,  from  disKction  of  vole^^^^| 

Buddey.  E.  R..  dUd.  433,  4»«. 

BuUt  IrmiMfl.  235. 

RuoMMi.  rited.  193. 

138;    diameter  of  crat»  >n  T«lat>.>i>  (A 

fiurna,  G.  P..  dtod,  434. 

V 1 ^^^^H 

TiiptionB  nf.   117:   profiles   of,    123; 

Cinder  emptiona.  artifidally  BiDiulated. 

122. 
Cirqura.  371 :  li/t?  hiitory  or.  371 ;  lubor- 

diDotr,  371. 
Citiea.  dEwtruction  of,  by  drifting 

-218. 
Clonic  rockn,  30. 
Ctay  elite.  466. 

Cleavage.  mincnJ,  27.  4£0;  Tock.  4' 
Clerta,  volcaiup,  in  Icelabd,  00. 
Cliffs.  Dotchcd.  233. 
Climatic  cooditions.  in  relatioD  to  n 
aJn  sculpture.  443. 

Cloud buTsU,  in  drsccts,  201.  212. 
Cloud  tonee.  2B8,  300,  294. 
Coals.  466. 

CoBit,  DolmsliaD,  grottO)^  of.  258. 
Coast,  elpvation  of,  duriag  part  big  uabcii, 
80 :    ■ubmereeiii;es  o(,   during  oartb- 
quskes.  80. 
Coiistal  plains,  346;  belted,  247. 
Coast  lioeg,  even,  246 ;   indirative  o(  up- 
lift or  submergence,  245,  246 ;  ragRed. 
246. 
Coast  records.  245. 
Coasts.  Atlantio  and  FaciRo  contrastedi 

38;  embayed.  251. 
Coast     terraces,    HO,    250,    241;    nplilt, 

effeot  of,  on  sedimcnta.  38. 
Coats  Land,  shelf  ico  of,  200. 
Cobalt,  in  meteorites,  23. 
Cobb,  CollieT,  eitcd,  179. 
Coigns,  of  earth's  tetrahedral  figure,  15. 
Coleman.  A.  P.,  eited,  318. 
Colk  lakes.  40H.  400. 
Colks,  scape.  277. 
Collet,  L.  W.,  filed.  39. 
Colorado  desert.  74. 
Color,  of  minerals,  450. 
Cols.  374 ;  origin  of  in  cirque  intersection, 

372. 
Comb  ridges,  373. 
Compass.  gcologist'B.  47.  48, 
Competent  layer,  42;  in  relation  to  lava 

Composite  cones,  aiidfra  of.  126,  127. 
Composite  groups  of  joints,  67. 
Composite  volcanic  eonee,  106. 
Composition  of  earth,  20. 
Compoaition  of  the  earth's  core,  21. 
Comprrasion  of  n  district  during  esrth- 

quttken,  76. 
CoQBB.  alluvial,   213;  cinder.    105;  con.- 

posite  volcanic.  105. 
ContomaUe  series,  51. 


Conglomerate.  34.  463;  basal.  37,  3.1. 

Constructional  topography,  300. 

Construction  of  buildings,  in  earth - 
quake  regions.  80-01. 

CoDtinenlal  glacier,  behind  nuDpoii,  281; 
in  Viotoria  Land,  280-285;  of  An- 
tareticB,  literature  of,  205;  of  Green- 
land, 271 :  of  Greenland,  melting  on 
margin  of,  27S ;  of  Greenland,  litera- 
ture, 295. 

Continental  Naders,  contrasted  with 
(daciers,  268-208:  defined, 
of  "ice  age,"  297;  of  ice 
age,  cross  section  of,  302;  nourish- 
ment of,  283,  286.  295 ;  profiles  of,  267. 

Continental  platform,  19. 

ContiDentiil  shelves.  18.  IS;  origin.  232. 

Continents,  arrangement  of.  10;   devcl- 


266-267 : 


opm, 


t  of.    14; 


tbrou^     vavc     action,     241 ;      past 

history  of,   14. 
Contortions  of  the  strata,  40. 
Cnntoure,  of  Iflpographic  maps,  62. 
Contraction   of  earth's  surface,   during 

earthquakes,  74. 
Contrary  movements  upon  coasts,  254, 

267. 
Convcctive  lone,  of  atmosphere,  270. 
CoDway,  W.  M.,  dt«d,  394. 
Copernicus,  cited,  10. 
Copper  glance.  455. 
Coquina.  35. 

Cornish,  Vaugban,  cil«d.  211.  222.  244. 
Corrasion,  162. 
Corrosion,  of  rocks.  156. 
Coul6e  lakes,  406. 
Covco,  233,  234. 
Cracks,  earthquake,  74. 
Crater,  evolution  of  form  of,  128. 
Crater  lakes.  405,  406. 
Craterleta,  84;  aeetiona  of.  86. 
Craters,    mechanics    of     exploatona     in, 

115. 
Crater,  volcanic,  OS. 
Crcdoei,  G.  R.,  cited,  179. 
Crescentic  levee  lakes,  416,  417- 

in  anticline,  42. 
Crevasse,  margioal,  on  mountain  glaciers, 


370. 


connection    with    river 


Crevasses, 

cut-offs.  164;   on  glaciers,  391. 
Cross.  Whitman,  cited,  216.  441,  447. 
:roas-bedded  structure,  37. 
Crj-stal  cellara,"  27. 
Crystal  form,  of  minerals.  449, 
Crystals,  behavior  under  special  treat- 
ment. 24,  25 ;  essential  nature  of,  23 ; 
forms  of,  454,  457;    individuality  of. 


CM^at^idmrnaOn  IS 
Oat  mefc  tonaon,  33S. 
Conir.  itlnd.  IW. 
Crijw.  J,  ciled.  196. 
Cjrrbcrf  tUnMSoQ.  263.  3M. 


of  itKain  mnutdere,  143. 

Dua.  J.  D..  ciUd.  6.  1(H.  106,  109.  111. 

14*  1*7. 
OwiB.  E.  a.  cited.  29. 
Daly.  B.  A.,  dtod.  UT. 
Dute.  dtod.  9^ 
Dam*.  K.  H-.  dl8d.  179. 
Duwui.  Chartn.  aled.   199.  322.  333. 

339. 
Dwtifafte.  A.,  riled.  M. 
David.  T.  W.  E..  rited.  33. 
Daru.  C  A.,  dted.  434. 
Davis.  W.  M..  dtrd.  7.  178.  179.  221. 

3(7.  376.  317^19.  378.  383. 
I>f«t>tiv«  aseonfonnity.  53. 
DmMimpaaitioii.    149.    156:    mechanical 

naultt  of.  ISO. 
DCbriB  OKMa.  395. 
Deep  «*  depodts.  36,  38. 
204. 


erodoD.  157. 

DcseaeiBtioD.  149. 

Dc  GeBT.  a.,  dud.  351.  366,  410. 

DexndatioD,  161.  162. 

Dekkan.  Bsurc  miplioo*  of,  101. 

DdebMiiue.  A-.  dted.  424. 

Db  Lomao.  dt«d.  135,  132. 

Ddtm,  "Bird-tool."  167;  bottom-set 
beds.  107:  dry.  213:  o(  Minianppi 
River,  rate  of  srowlh  of,  I6S. 

DiJta  deposit,  mumer  of  crowtli  of,  167. 

Ddto  lakes,  419.  420. 

DrlU  rt^oD.  of  a  river,  35. 

Deltu,  abaoTmal.  below  outlpta  of  lakva. 
431:  in  rdation  to  aericulture,  166: 
in  TdatiOD  to  populatioD.  160:  lake, 
428;  of  rivera.  165,  166.  179:  Be>^tioll■ 
of.  168. 

Dendritic  ^aden,  3S3,  3S5.  386, 

Denistou,  dted.  121. 

Dvpodtion,  in  tones  aliout  d««crt,  210. 


Deports,  aktion.  30;  ebtanicd.  H; 
ooDtiiiQitiJ,  37:  deep  le^  36,  38; 
delU.  manner  of  growth  of,  IC: 
fluviatile,  35:  Surio-gladal.  31.  310: 
in  valley  vacated  by  glader.  398; 
itfadal.  31:  Iwnutnne.  35,  217: 
littoral.  36  r  marine,  35 ;  mecluuiical. 
34:  organic,  34:  ult,  217;  ilml 
WBler.  20:    dntto-,   IM; 


Deranseiiient    of    water    flov,    doikt 

earthquakn.  83,  81. 
Derwica,  V.  de,  died,  447. 
DcaccDl  of  )[rouad  WBtT*-,  ISO. 
Dneit.  due  to  dcforoitation.  156;  so- 

noD  in.  214.  222:  law  of.  197. 
Dam  lakes.  423. 

Deaert  landacapo.  featira  in,  XOB. 
DesPTt  rsina,  212. 
Dfsert  rocks,  red  color  of.  222. 
Otant  varnish,  201.  222. 
Dnerls.   fortner    riiore    liiHa    in,  IM; 

sdf-rcgiiteniie  ssiigc  <d  post  diioau*, 

198. 
EHsuurtioDal  topography,  309. 
IXtetion  of  plungjiig  folda.  40.  SO. 
DetotistioiiH,   duritig    Vulcaoian   enip- 


Diagram,  t 


I  illuatrste  fariDatioD  o(  !><> 


for  comparison  of  fidd  type*, 
42:  to  show  the  effect  of  apbetDidil 
westhcriDg,  150. 

DiamoDda,  in  the  drift.  307. 

Diffiadoii.  204. 

Dikes,  hollow,  140:  in  China,  167:  in 
Holland,   166 ;    from  volcanic  i' 


I.  140, 
DiUer.  J.  a.,  dted.  39,  425. 

"Diluviuin,"  305. 
Dimples,     on    mai^n    of 


~4 


Didnlcemtion.  156 :  of  rocks  in  di.au Is. 

202:    thrnuRh   root  expansion,    154; 

through  Ine  growth,  164.  155. 
Diriocatioua.    maroDal.   about    deserts^ 

212. 
Dispcrdon  of  the  drift.  304-309.  319. 
DisplacemcDt.  total,  on  faulla,  59. 
DisBection  of  vdcsnoes,  139, 
Distributariei.  on  alluvial  fans,  313,  2iOl 
Divides.  170:  migration  ot.  175. 
Dtdines,  of  KarsI  region.  187.  42S. 


Dolomite.  465. 

Dcdomitca,  203.  228.  445. 

Domed  mountuinB  ai  uplift,  441. 

Dome  Blnicture,  ol  gnmitc  masses,  152, 
157. 

Domes,  lava.  105. 

DovctailiDg.  o[  KB  and  land.  11,  17. 

Drainaite,  chaDBEs  of,  due  to  elBeiation. 
336-338;  haphaiard.  of  Biaciated 
area.  301 ;  interferenco  of  glaciers 
witb,  320;  of  gladen,  39T  ;  reversals 
ot.  due  to  Ela<^iation.  337.  336 :  trellis, 
175. 

Dr^J^Bge  linen,  control  of,  by  fracturCB, 


225. 
Drake,  Sir  Fraoeis.  nrcumnaviBation  of 

the  t^obe,  10. 
thuikanUti.  205. 

Driblet  rcaee.  104.  125  ;  of  Kilauea,  107, 
•'  Drift."  305. 
Drift,  ssaorted.  309;   diBperrion  of,  304- 

3O0:   englscinl.  277,  278  ;   uoBsaorted, 

309. 
"DrifUew  area."  300.  313.  318. 
DriftlcsB  ares,  map  of.  298. 
Drift  atca,  368,  369. 
Drowned  rivcra.  251. 
DrumliDB.  311,  310.  317.  399. 
Dry  deltas,  213. 
Dryealski.  E.  von.  cited,  273.  279,  295, 

296. 
Dry  wcalhering.  ia  deserts,  201 , 
Dune,  war  with  oasis,  216. 
Dune  takes,  421. 
DuDM,  222 ;  forms  of,  210.  211;   in  rela- 

tion  toob«tnictionB,209,210;  stopped 

by  vegetation,  211;   waDderiog,  209, 

211. 
Dust,  carried  out  of  desert,  206,  222 : 

volcanic,  122. 
Dust  wells,  396. 
Dultnn.  C.  E,.  eited,  85,  92,  178,  200, 

222,447. 

Earlier  fiprurcs  of  the  earth.  14. 

Earth,  a  magnet.  23  ;  composition  of. 
20:  oblateneas  of,  10;  rigidity  of, 
20.  21,  29;  scale  of  its  eicvatioDs,  10, 
11;  theories  ol  origin  of.  20.  29; 
surface  shell,  ehemieal  constitution  of, 
23  ;  Burfaee  shell,  response  to  load,  340. 

Earth  fmtures,  shaped  by  ruuning  water. 
161). 

Earth  figure,  evolution  of  ideas  concern- 


Earthquake  craclu.  74. 

Earthtiuake  fountains.  190. 

Earthquake  lakes.  404. 

Earthquake,  of  Alaska.  1899,  72,  77, 
SO.  81  ;  of  Assam,  1897.  72.  77;  of'' 
California.  1«06,  70,  72,  73,  74.  90.  91 ; 
of  Casamicciola.  1683,  67;  of  Costa 
Riea.  1910.  66;  of  India.  1819.  84; 
of  Jamaica.  1692.  60;  of  Jamaica, 
1007.  80;  of  Japan,  1891.  72.  76; 
of  lower  Misidsaippi  Volley,  1611,  83; 
of  Messina,  1908,  66;  of  Owens 
Valley,  Cnlifonu^a,  1672,  73,  77,  78, 
79;  of  Bervia,  1904,  64;  of  South 
Carolina.  1686,  85. 

Earthquake    shocks,    heavy 
foundations.  88. 

Eartbquakes,  afterebocks  ol 
ciated  with  growing 
cbanges  in  earth's  surface  during,  71 ; 
connect^  with  lines  of  fracture,  86; 
descriptive  reports  upon,  92;  duo 
to  adjustments  between  blocks  of 
shell.  78.  79;  faults  and  Bssures.  71 ; 
focused  at  fault  intersections,  87; 
fountains  during,  83,  86;  localised  at 
comeiB  ol  earth  hlcicks,  67  ;  manifes- 
tations of  changee  in  level.  66;  nature 
of  shocks,  67;  of  Ischja.  locali(Dtion 
of,  87;  shown  by  coast  termcee,  K50; 
special  lines  of  heavy  shock.  66 :  in 
unstable  areas  of  earth's  crust.  86; 
wave  motdoDE  of,  68;  lones  in  diatri- 
liution  'if.  86. 

Earth  relief,  repeating  patterns  in,  223. 

Eckert,  citi-d,  168. 

Effect  of  contraction  Upon  a  ephericot 

Egg-spinning    demonstration    of    earth 

rigidity,  20. 
"Elevation-crater"  theory  of  volcanoes, 

9S,  139. 
Embankments,  shore,  240. 
Embayed  coasts,  25 1. 
Emeraon.  B.  K..  cited,  19. 


Engell,  M.  C,  cited.  296. 
EngUeiul  d«bris.  393. 
EnBlBcial  drift,  277,  278. 
EnConnoirs.  182. 
Entrenchment   of   meanders.    173 

179, 
Eolian  sand,  206. 
Eolian  sediments.  30. 
Erosional  unponformity,  5.'i. 
Erosiou  irycle,  169. 
Erosion,  effect  of.  in  addiiiR  cur 

luidscBpc,    65 :     glacial,    in    c< 


i 


nilh  normal  weaUierinK,  377 :  in 
d(i»ert,  2U;  sbwiow.  206;  Btrenin,  lU 
tniKlifiiHl  hy  neistiuit  roclcB,  174. 

"  EitbUp  Hoeks,"  304. 

EniptJODB.  BUombolian.  117;  VulR&niaa, 
117.  126. 

Ewupmenta,  Iroui  fnulta.  59. 

Eiikere,  311.  315.  3ie,  303. 

Eatefl.  L.  A.,  riled,  03. 

(UstuBries,  251. 

Etna,  prupdoii  of  1069,  122. 

Evolution.  doctriiH)  of,  in  connectioD 
with  foanl>,  38. 

Evolution  of  idaai  concerning  the  oarth'a 

Kxfoiiotion.  151,203. 

Emniided  foot  Riaciera,  383.  3K5. 
Exppritnent,     to    illustr&te    relation    of 

earthquake  ahorks  to  foundations,  KS. 
Eiperimenta.  on  fracture  and  flow,  40. 

41;  for  demonatcBtion  of  earthquakc?H, 

81,  82. 


Fnirbunka.  H.  W.,  oited.  155,  170,  174. 
201,  206,  214.  224.  24H,  24B  260,  260, 
302,  375,  40e.  413.  420. 

Fairchiia,  H.  L..  dt«d,  339. 

FallH,  "Bridal  veil,"  378. 

Falls,  ribbon.  378. 

Fan.  alluvial.  213. 

Fanington,  O.  C.  idled,  29. 

Fault,  drag  upon.  60. 

Fault  brecMTia,  60. 

Fault  lopography,  65. 

Faults.  58,  440 ;  durina  earthquakes.  7 1 ; 
earthquake,  change  in  throw  upon,  76. 
77.  78  ;  earthquake,  disappear  in  loose 
materiuU.  73 ;  earthquake,  of  aiuall 
diaplaccmenta,  74:  earthquake,  plan 
of.  76.  78:  illusory  nature  of,  5i); 
methods  oC  detecting,  59 :  poBt-gladal, 
74;  relation  of  caearpnienlji  to,  60; 
shown  by  changes  in  strike  and  dip,  01  ; 
shown  b^  offsets.  01. 

Feldspars,  456. 

Fenneman.  N.  M.,  cited.  424,  425. 

Feetoona  of  mountain  arcs,  435,  436. 

Field  ice,  286. 

Field  map,  geolo^cal.  62.  63. 

Figure  of  the  earth,  Uie,  8. 

I''igureB.  earlier,  of  the  earth.  14 ;  earth, 

evolution  of,  16. 
Figure  toward  which  the  earth  ia  tend- 
ing. 12. 


Fracture  eaotrol.  of  drninaee  linea,  j 
Fissure  eruptions,  ol  volea  "' 

Fissures,  during  earthqualua,  Tt :  tl 

quake,   74 ;     in    connortian 

canoes.  99-101. 
Fissure  springs,  61.  190,  195. 
Fjords,  290.  340. 
"Float  copper,"  305. 
Flooded  portions  o(  continents,  18,   ' 
Flood  plain.  178;   c 

102. 
Floors  of  hydrosphere  &iid  ■tnoophen. 

Flow,  ciperiments  on,  41 ;  inne  of.  40. 

Flovf  texture,  of  extrusiv*  rocks,  33.  1 

Fluviatile  depoaita.  3£. 
Fluvio-glacial  depodte,  31. 
Fluiion  tciture,  of  eitrusivo  p 
Folds,  analyats  of,   54 :    compi 

shapes  of,  44 :   mutilated,  i 

of,  45 :    pitching,  4i 

shapes  of,  43. 
Fold  topography.  65. 
Forbea,  J.  D.,  dted,  2i 
Fore-set  beda.  167. 
Foreat,   destruction   of,   in    relaHaa| 

Bgricultare.  156. 


Foni 


of  lav 


Formations,  measurement 

of,  48,  49. 
Fort  SoelliQg.  on  Warren  Hi 
Foaaea.  Bladal.  281.  314;  i 

with  peat  boga.  430. 
Fracture,   ciperimcnls  on.  41; 

erals,  460;  sooe  of,  40,  46. 
Fractures,  in  rocks,  shown  hy  rv< 

linos  on  map,  65 :  syatcm  ol,  i 
Free,  E.  E..  cited,  222. 
Free  waves,  232. 
Fretted  upland.  372,  373. 
Frost,  prying  work  of,  I&3. 
Frost  a.   ' 


143. 


1.285. 


443. 
Galcnitc,  453. 

Gannett.  Henry,  cited.  178.  380. 
Gaps,  water,  176;  wind.  170. 
Garnet,  459. 

F.,  cited.  221. 
Geikic.  A.,  dted,  6.  7,  148.  178.  2U.  41 
Geikie.  Jamea.  cited.  6,  318. 
Geoid.  departure  from  spherical  h 

of.  10. 


Goidcwcil  map.  46.  54:  area),  63,  63; 
base  of,  61 ;    Beld,  62,  63. 

Geologic&l  Bciitiou,  46,  47. 

Gfology,  de6iied.  I, 

Geys^rite.  194. 

Ceyeen,  191-194 1  eScct  ot  plugginK 
with  god.  193  ;  in  rE<lBtioD  lo  dniitiikge 
lines,  191 ;  soapiDS  of.  194. 

Gn/iir.  192. 

Gilbert,  G.  E.,  eited.  93.  148,  157,  178. 
179,  198.  221,  224.  240,  244.  294,  344. 
345,  347,  360,  355,  356.  357,  358.  359, 
363,  366,  370.  381.  434.  446.  447. 

Ojia,  volcano  Gssurea  in  Iceland,  OS- 
Glacial  aQticycloHQ,  284. 

Glacial  depouta,  30.  31. 

Glacial  fringe,  of  Grant  Land,  285. 

Glacial  Lake  Agassii,  325-328.  339. 

Gtadsl  lake*,  at  clow  ot  ice  age.  320; 
ot  St.  Lawreoce  Valley,  329. 

Cladated  regions,  aai>pct«  of,  302 : 
characleristica  of,  301 ;  contraatpd 
with  QonBlariBU'd.  299,  309. 

Olaeiation.  coodilionB  easential  to,  261 ; 
cycle  of.  263 :  Permo-CBrbonireraua, 
298. 

Gladatiotifl.  foUowiog  chanKeii  in  earth's 
figure.  15:  previoiu  to  "ice  ate." 
literature  of,  318. 

Glacier  brooni,  over  continental  ice,  2S3. 

Glacier  comicps,  397. 

Glacier  depoaits,  upon  its  bed,  390. 

Glacier  droiuajic.  397. 

Glaoier  flow,  390,  400 ;  data  from  acci- 
dents to  Alpinists.  392. 

Glacier  graTinga.  301,  319;  multiple 
records.  304. 

Glacier  lobe  lakes.  411. 

Glacier  milk.  398. 

Glacier  mills,  278. 
Glacier  pavement,  276. 
Glaciers,  birth  of.  369 ;  crevaaus  on, 
391 :  dendriUc,  383,  335.  386  ;  grind- 
ing tools  of,  276 :  horseahoe.  3S3.  386. 
387:  inherited  basin.  387-389;  ini- 
tiation of,  202;  in  relation  to  wind 
direction,  262;  main  types  of.  266; 
mountain,  cross  sections  of,  394 ; 
mountain,  eipanded-foot  type,  264 ; 
mountain,  land  sculpture  by.  367; 
mountain,  aueocwaive  stagea,  383; 
nivation.  387;  nourishment  ot.  268- 
270;    piedmont,  383,  384:   radiating. 
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Glacier  types.  sucoeMlve,  during  k 

glsd&tion.  383. 
Glacier  weUs,  278. 
Glassy  texture,  ol  ertrumve  rocks,  32. 
Glen  Roy,  322,  339. 
Glint.  409. 
Glint  lakes.  408,  409. 
Gnciffi.  465. 
Gneiss  banding.  31. 
Goethe,  cited  on  volcano  structure,  ISOtV 
Gold,  E..  dted.  204. 
Goldtbwait,  J.  W.,  cited.  269,  320,  3 

345,  351. 
Gondwana  Land.  16. 
Gorges,  through  rock  bare,  378. 
Grabau,  A.  W..  cited.  361.  366. 
Grading  of  flood  plain,  162. 
Grand  Caflon  of  tho  Colorado.  146.  1 

174.  215.  443. 
Grand  River  outlet,  333. 
Granite,  462 ;  dome  structure  in.  152, 157 
Granite  domes,  221. 
Granitic  texture,  of  igneous  rocks.  3 
Oroto,  373. 
Gravel,  kame.  310. 
"Gravd  piedmont,"  214. 
Great  Basin.  190.  198.  439. 
Great  Lakes,   probable  future  at.  347, 

348;  submergence  of  certain  shores  of, 

349,  350. 
Great  Ross  Bonier.  282. 
Great   Salt   Lake,   199;   fluctuations  of  m 


il  of,  1 


Green,  W.  Lowthian,  cited,  19. 

Gregory,  J.  W..  cited.  11,  19.  439.  4- 

Grooved  upland,  372.  373. 

Gross,  H..  cited.  294. 

Grossman,  cited,  268. 

Grottoes,  sea.  colors  of,  258. 

Ground    water,    180 :     descent    of,    1 

relation  to  joints,  181. 
Ground  water  lakes.  424. 
Gnind,  A.,  cited,  195. 
Gulliex.  early  stages  of,  160. 
Gulliver,  F.  P..  cited.  244.  319. 
Gullying  process,  started  by  detorcat^fl 

'  m.  156. 
Gypsum,  455. 

Fade,  on  faulU,  59. 
Hague,  Arnold,  cited,  196. 
Halemaumau,  Kilauea.  107.  108. 
Hamilton.  Sir  William,  cited,  12S. 
Hanging  valleys,  37S. 
Hardness,  of  minerals.  461. 
Harwood.  W.  A.,  dted,  294. 
Maug.  E..  cited.  7.  133,211. 
Uaughton,  Samuel,  cited,  50, 
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Bmii,  Iwa  domei  of,  106;  Unm  Mr* 

tmom  ol,  118;  map  oi,  106;  fledioii 

tiuoai^  106. 
Hi^y«i»  C.  W.,  citod,  166. 
HeadUods,  ooteiMd,  641. 
Hflftve,  of  fftoltB,  66. 
HebrawB,  oooo^tioii  of  tho  voivww,  9. 
Hedin.  Sven,  dted,  021. 
Heilprin,  A.,  dted,  148. 
Hcim,  A.,  dtod*  64. 
HeliaolAiid,  286. 
Hdlaad.  A.,  died,  06. 
Hematite,  462. 

Hemicyeloi.  of  OtieMkm,  268. 264. 
HerisulAiieam.    bmied    baoMiilii    mod 

flows,  189. 
Hen,  H.,  cited,  267,  272,  264,  868,  40a 
BSi^  piebs,  486;  origin  of,  219. 
Hilaud,  E.,  elted,  222. 
Hinoe  linee,  of  vptflt,  844-847. 
mtobeoek,  G.  H.,  eited,  106, 147, 484. 
Hobeoo,  B.,  cited,  120. 
HoiBrtb,  WUtem,  cited,  170. 
Hogiurthian  line  of  beentr*  in  UttkhHiiMM. 

170-171. 
"Hoc  badm,"  442. 
Hohnce.  W.  H.,  cited,  441. 
Home,  874. 

Hotaeilioe  glacien,  868, 886^  887* 
Hotq)riIl8i^l91 ;  ooloiiihi,diietoalpi^l94. 
Hovey,  S.  O.,  dted,  186, 1^,  146. 
Hovey,  H.  C,  dted,  188, 196. 
Howchin,  W.,  cited,  298. 
Howe,  E.,  dted,  140. 
Howell,  dted.  325. 
Hudson  River,  narrows  of,  174. 
Hudsonian  channd,  252. 
Hummocks,  on  pack  ice,  286. 
Humphrey,  R.  L.,  dted,  90,  93. 
Humphreys,  cited,  404. 
Humus,  in  rdation  to  weathering,  156. 
Huntington,  Ellsworth,  dted,  216,  217, 

221,  222. 
Hus,  H.  T.  A.  de  L..  dted,  183. 
Hydration,  151. 
Hydrosphere,  8. 
Hypothesis,  the  value  of,  6 ;   Lapladan, 

of  the  universe,  20. 

Icebergs,  296;  Antarctic,  292,  293; 
Antarctic,  formation  of,  292;  blue, 
292;  manner  of  formation  of,  291, 
292 ;   northern,  291. 

Ice  caps,  profiles  of,  267,  268;  sculp- 
ture, 380. 

Ice-dammed  lakes,  321.  323,  410,  411; 
in  St.  Lawrence  VaUey,  339 ;  of  Scot- 
tish glens,  322. 


Ieefloea,287. 

leebmd,  flMue  eniplioiit  ol,  Utt. 

loe  pdnioEDids,  866. 

loe  nmperta,  481-484;  aanM 

tfoii  of,488. 
Ilpnoiis  foddi,  80;   Uatuw  of,  9L 
Imlay  oQtiei,  883. 
Inbieak,  of  lava  amfaoeb  107. 
liiaiaed  topograpliy,  801. 
InlMniled  barin  giaolflr,  887-886. 
Inleiiobale  mondneB,  8I4L  -^ 
InteivpliiTial  peiiode,  10&. 
Intrioale  peAtern  of  li^er  etaUap,  IML 
Intnuive  xodEB,  83, 462. 
labuids,  laad^ied,  341;    afeecp  lody; 

due  to  Ribmersniee,  388. 
Isobaaee,  847. 
laodiiiallolda,  42. 
laoiheniial  aoneof  tttmniBliem.  39QL 

Jaaav,  T.  A.,  Jr.,  oiled,  14& 
JamiewD,  T.  F.,  oiled.  331. 188,  886. 
Jeanaelte  cgpioring  mKptMtian,  JSf^Wk, 
Jaaecn.  H.  L.  cited,  110.  llSi  147. 
Mnaon,  D.  W.,  oiled,  7, 148. 
Jofanaon,  W.  D.,  cHed,  77, 318, 316, 336, 

333.870,881. 
JdkmiUmrUnh,  H.  JT.,  oiled,  Sf^  UU 

183, 184, 188, 147, 148. 
Joint  Modka.  in  KiagMft  Baaaitooe.  868. 

Joints,  66;  effeeton8arfaoefeatiireB,57; 
dosed  during  earthquakes,  76;  com- 
podte  nature  of,  58 ;  compodte  groups 
of,  57;  disorderly*  57;  displacements 
upon,  58 ;  master,  56 ;  space  intervab 
of,  58;    sets  of,  55;   system  of,  55. 

Joint  series,  combinations  of,  56. 

Joint  systems,  66. 

JoruUo,  birth  of,  96. 

Judd,  John  W.,  dted,  116,  118.  139,  148. 

Julien,  A.  A.,  156. 

Jura  Mountains,  46. 

Kame  gravd,  310. 

Kames,  311,  314. 

KammerbOhl,  139. 

Karrenfelder,  188. 

Karst,    characters    of,    186-187;     once 

forested,  188. 
Karst  conditions,  195. 
Karst  lakes,  422. 
Katavothren,  188. 
Katzer,  F.,  dted,  195. 
Kearney,  Th.  H.,  dted,  222. 
Kelvin,  Lord,  dted,  20,  29. 
"KetUe  moraines,"  311-314. 
"Kettles"  on  moraines,  312. 


i,  T.,  cited,  148. 

Eilauea,  101,  IDQ;   draining  of  lava  in 

cratei  of.  lOS:  eruption  of  IS40.  100. 

lit,    112;     lava  moveniEntB    in,   lOfl. 

107:  moving  piationn  in  nratcr,  107; 

Taoge  in  height  of  lava  in,  107. 
King,  F.  H.,  cited,  157,  195. 
Knehel,   W.  von.  cited,   185.   195.  258, 

"Knob and  basin"  tupogniphy,  314. 

KDott,  C.  G.,  rfted,  92. 

Kopisch.  A u glint,  cited,  258. 

Kota,  B.,  rit*d,  92. 

Krukatoa,  dissected  by  eruption,  142. 

Krakatoa.  Druption  of  1883,  141,  142. 

-  .  .    1,  105. 

Kurisehc  Nehrung.  wandering  dunes  of, 


Laboratory  apparatuti,  for  BEmulBtion  of 
Laboratory   models,   for  study  of  geo- 
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LacFotitpa,  143.  441.  442,  447. 
Laeroii,  A.,  eited,  148. 
Lacustrine  depoeila,  35. 
Lake  Agassii,  glacial,  32S-328. 
Lake  Algonquin,  334,  342. 
Lake  Arknna,  332,  333. 
Lake  badna,  study  uf,  401. 
Lake  Bonneville,  199. 
Lake  Chicago.  330,  332,  333. 
Lake  Eulalie.  draining  of.  during  earth- 
Lake  Iroquois.  334,  335. 


eMai 


!.  345. 


I^ke  Warren,  333,  334. 

Lake  Whittlesey,  332,  333. 

Lakes,  alluvial  dam,  423;  as  reRulatora 
of  air  temperature,  431 :  aa  regulators 
nf  river  flow,  431 ;  as  settling  basina, 
426-^28 :  barrier,  420  ;  basin  range, 
402.  403 ;  iircome  extinct  through 
wave  action,  428;  border,  399,  414; 
claaBifieation  of,  424;  colk.  40M,  409; 
continental  glsciation,  424 ;  coul6e, 
408;  cralOT.  405.  406;  crescentic. 
320,  330;  crescentic  levee,  410,  417; 
currents  in,  431;  delta,  410,  420: 
desert.  424 ;  drained  by  cutting  down 
of  outlet,  428;  dune,  421;  drained 
during  earthquakes,  pj^planation  of. 
83 ;  earthtiuake.  404 ;  ephemeral 
existence  of,  426:  extinction  by  pent 
erowth,  429-430 
2k 


desert  regions,  430 ;  fresh  water,  401 ; 

glacier  lobe,  411;  gUnt,  408,  409; 
ground  water,  424  ;  ice  dam,  410,  41 1 ; 
intmiDorainal.  about  continental  ^a- 
ciers,  279,  2S0  :  karst.  422;  landslide, 
414  ;  morainal.  315.  400,  407 :  moun- 
tain giaciation.  424:  newland,  401, 
402;  oi-bow,  165,  415;  pit.  316,  407, 
408;  playa.  422;  raft,  417,  418;  rift- 
vaUey,  403,  404;  river.  424:  rook 
basin.  376,  377,  400,  412 ;  rock  basin 
about  continental  gtariers,  279;  rOle 
of,  in  economy  of  nature.  430 ;  saline. 
401;  salines,  423:  saucer,  415,  416; 
seasonal,  189,  422;  side  delta,  320, 
327,418,419;  sink,  421 ;  strand,  424; 
tectonic,  424;  valley  moraine.  400, 
413:   volcanic,  424  ;    "wall,"  432. 

Laki,  eruption  in  1783,  99. 

LamiDBt«i  structure,  of  rocks,  31. 

Lamplugh,  G.  W.,  cited,  226. 

Land,  growth  of,  from  volcanic  outflow, 
113,  114;  slieed  during  earthquake, 
80 ;  uptilt  of.  at  close  of  ice  age.  340. 

Land  areas,  concentration  of,  in  northern    , 
hemisphere,  11. 

Land  sculpture,   by  mountain  glaciers, 
367;  in  relation  to  climatic  conditions,   j 
443 ;  referable  to  ioe  caps.  380. 

Land  shields,  15. 

Landslide  lakes,  414. 

Land-tied  islands,  241. 

Lane,  A.  C,  cited,  148. 

LankCBter,  E.  Ray.  cited,  260. 

La  Noe,  G.  de,  cited,  7. 

LapHH.  119,  122. 

Laplucian  hypothesis  of  the  universe.  20.    ', 

Lateral  moraines,  393. 

Lateral  movements,  deep  seated,  during 
enrtli quakes,  81. 

Lava,  32;  block,  113;  composition  and 
properties  of,  103 :  discharging  from 
tunnd.  Ill:  fluidity  of  basic,  103. 
movements,  in  caldron  of  Kilauea, 
107:  probable  origin  from  ahale,  144; 
Topy,   113;    viscosity  of  ailieeous,  103. 

Lava  domes,  probable  structure  of  walla  ] 
of,  112;  slopes  of,  103.  104,  106. 

Lava  projectiles,  pear-shaped  type,  121, 

Lava  reservoirs,  formation  of,  143. 

Lava  streams,  appftarancc  of,  133,  134. 

Lava  surface.  113.  124. 

Lsw  of  the  desert.  1B7. 

Lawson,  A.  C.  cited.  92,  260,  351. 

Leads,  in  pack  ice,  286. 

Le  Conte.  Joseph,  died,  6. 

Leffingwell  crater.  California,  104. 

Levees.  160, 


Levcrctt,  ^Biik,  cited.  6,  ICM.  160,  312. 
818,  321.  330.  332,  333.  334.  337,  339. 
344.346. 

Lowiaton  eHcarpment,  atNkgara,  ubap- 

iog  of,  360-362. 
Libbajr,  W.,  cited,  274. 
Life  hinories.  ol  riven.  15S. 
Light  Egurp,  from  Burface  of  crystal,  25. 
LiBhtoing,  in  nmnoctioii  with  volcuijc 

eruptiODfl,  130. 
Limbs  of  faults.  59;  of  toldB.43. 
LiniPHtont,     404 ;     origin   of.  3S;    sinks, 

182. 
Limestone,  aavattia  of,  1S2. 
liuioaite,  462. 
Linck,  G.,  cited,  122. 
LiDdenkohl,  A.,  cited,  200. 
Linewneiits,  87,  220,  227. 
Line   of  beauty.   Hogarthian,   id   land- 

scapes,  170.  171. 
LilAodamus.    boriiiKs  of,    in    recorda    oC 

ouillatiou,  254. 
LithoHphere.  a  complei  of  int^rlookiiig 

cryatula.  26 ;  and  its  eovelopea.  H. 
Littoral  deposits.  36. 
Loees.  35,  207;  crasion  of,  208. 
Loesamannchen,  308. 
Lubbock.  Sir  John.  cil«d,  7. 
Lumy  ruvcma.  Virginia,  1S6. 
Lu8t«r,  of  minenJs.  450. 
Lyell,  Sir  Charles,  died,  7,  S6.  146,  199. 

269,  260,  304. 

Maare,  405. 

McGee.  W  J,  cited,  157,  269. 

MB<<kitiar;  Island,  records  of  uplift  of, 
341-344. 

Madison,  WisoonslD,  233,  237,  241,  317. 
434. 

Magellan,  circumnavigatioii  of  ^obe,  9. 

Magma,  defined,  30. 

UagDCtiam.  of  minerals,  451. 

Magnetite,  452. 

Malachite,  463. 

iiatntloiu,  105. 

Munmoth  CavB,  182,  183. 

Mantlo,  rock,  155. 

Map,  contour,  nature  of,  467:  of 
Armoncao  mountaina,  438 ;  of  barrier 
beaches,  242-243;  of  bowlder  I 
from  Iron  Hill,  306;  o[  cirques  and 
nicbcs,  in  Bighorn  Mountains.  371; 
of  const  lines,  246 :  geological,  54, 
GI ;  geological,  mctliod  of  prcpuing. 
46,  03;  of  continental  divide  in 
Colorado,  377;  of  continental  glacier 
in  Victoria  Land,  2)J2 ;  of  Dalager's 
ounutaks,    277 ;     of    expanded    foot 


glaciers,  264;   < 

lobe.  317  ;  of  facial  features,  t^ 
ern  Finland,  315:  of  gjiHiial  I 
Aguosis,  325,  326.  328:  '  _'  ' 
area,  Europe,  299 :  of  ^acinted  a 
North  America,  298  :  of  ice  ramputs 
on  Luke  McndotB.  434  :  of  inner  Suf 
dusky  Bay,  350 :  of  Kilauea  and  oHA- 
baring  olopea.  109 :  of  Lake  Chicaet 
and  later  Lake  Maumee,  332; 
Lake  Maumee.  330 :  of  Lak«  Whittl 
acy  and  Saginaw.  333;  of  lava  a 
flows  on  Vesuvius.  1906,  131 :  ol  laia 
streams  on  MatiDa  Lob.  124 ; 
mar^nul    I 

tain   arcs   of    Eulem    Aaia,   43»; 
mauntain  are  of   Seweatsn,  430: 
North    Polar    regii 
of  "fire  girdle"  of  the  Pacific.  96:  of 
Scottish  gleoa,   322-.124 :    of   VolcMo, 
US:    of  volcano  belts.  98;    of  Warrea 
River,   336.   327;     topographical.  SI: 
topographical,    preparation    of,     487, 
4G8:    topographical .    verification    of, 
469;    to  show  dispersion  of  diamondi  J 
in  Lake  region,  308;    to  show  dispel  1 
■ion  of  peculiar  rocks.  305 ;    to  ■hoW  I 
distribution  of  enstiog  (daciets.  263l  J 
to  sliow  formation  of  shore  featura<  1 
238;      to    show     glaciated     areas    ^J 
Pleistocene    period.    297;      to    aboin 
reciprocal  relation  of  land  and  sea,  II. 

Marble,  466. 

Margcric.  Emm.  de.  cited.  7.  54. 

Marginal  moraines.  278-280.  311-314. 

Marine  claya.  as  marks  of  uplift,  263. 

Marine  deposits.  35. 

MUrjelen  Lake,  329.  411. 

Marks,  of  origin  of  rocks,  30;  of  uplift, 
on  coasts.  245. 

Marr,  John  E..  cited.  7.  445. 

Martel.  E.  A.,  cited,  181,  187.  185. 

Martin.   Lawrence,   cited.   77,  92,   260, 

Martonne,  E.  de,  cited,  7,  196,  222.  381. 
Massive  structure,  of  rocks,  31. 
Master  joints.  66. 
Matavanu.  eruption  in  1906.  110,   113. 

147. 
Mat  of  vegetation,  ahield  to  lithospberfk 

155. 
Matthes,  F.  E..  cited,  7,  371.  381. 
Maturity,  of  upland.  170. 
Mauna  Loa,  106;  eruptions  of .  109. 
Meander  scars,  165. 
Meanders,    entrenchment   of,    172,    ITS, 

179;     stream.    163;     atieftm,   nndet- 

mining  by,  164. 


Meuununeat  of  tbicknesa,  ol  fonnBtlQna. 

48.  4Q. 
MechaaicaJ  sediments,  34. 
Medial -moraiDes,  393;    from  DUUBtaki. 


Metvilie,  G.  W..  cited.  28H. 

Merc&lli.  G..  cited,  SB,  117,  119.  U7. 

Mprrill,  George  P..  rited,  166. 

Mean.  215.  216;    origin  ol.  112. 

Metamorphic  rocks,  30,  31.  465. 

McttoritcB,  eompared  with  earth,  32 ; 
compoBitiou  of,  21.  23. 

Mien.  458. 

Mica  Hchiat.  465. 

Michailovitch.  J  .  cited,  84. 

Microscopical  petrography.  27. 

MigratioD,  ot  divides.  175. 

Mill,  H.  R-,  cited,  424. 

Mills,  eiscier,  398. 

Milne.  John,  cited.  75,  92.  B3. 

Mineral  [ragnieata,  iHiiiiribility  of  growth 
of.  24. 

Minerala,  altera tiona  of.  27.  28 :  common, 
properties  uf.  452-^Bl :  of  economic 
importance,  452-45S;  important  as 
rock  makers,  456-461 ;  properties  of. 
26.  27 ;   quick  determinatian  of,  449. 

Missiaaippi  River.  167. 

Mitchell.  G.  E.,  cited.  167. 

Moats,  about  Duoataks,  273.  274. 

Models,  laboratory,  lor  atudy  o(  geologl- 
ral  maps.  63. 

Moisisovics  von  Moisv&r.  E.,  dted,'  228. 

MolcuBvreowpo.  crater  of.  106. 

■"Mole-hill"  effect,  alter  earthquakes. 
73. 

Molten  rork,  rise  to  earth's  surf  ace, 
S4. 

Monodnocks.  172. 

Monte  Nuovo,  96. 

Moute  Somma.  caliicTa  of.  127. 

Montenua  de  Ballore.  de  F.,  cited.  92, 
93. 

Monti  Rossi,  crystal  rain  from,  122; 
ptuadtic  cones  of.  125. 

Mont  Peli.  post-eruption  stage  of,  13S- 
"'"1:   apineof.  130.  137,  138. 

Moore.  W.  H.,  cited.  294. 

Moraioal  lakes,  3IG,  406,  407. 

Moraines,  interlobate.  314;  Interal.  393  ; 
iDarvnal,  278-380;  medial.  393; 
medial,  from  nunataks,  274  ;  of  moun- 
tain ^aciera.  393.  364 ;  receSBiona!, 
399;  surface,  277;  terminal,  311- 
314,  394;   watcrlaid,  330. 


Moreno.  F.  P.,  dted.  236. 

Mosoley.  E.  L.,  oited,  350.  351. 

Moselle  River,  with  entrenched  mean- 
ders. 173. 

Motive  power,  of  rivers,  158. 

Moulins,  368. 

Mountain  arcs,  festooiis  ot,  435.  436; 
theories  of  oriidn  of.  436,  437. 

Mouataio  glaciation  lakes.  424. 

Mountain  glaciers,  contrasted  with 
continental  glaciers,  266-268 ;  de- 
fined. 366-268:  dendritic.  383.  3B6, 
386;  erpanded-Coot  type.  254  ;  hone- 
shoe.  363,  386,  387;  land  sculpture 
by.  367;  marks  of.  400;  piedmont, 
383,  384;  profiles  of.  267;  radiating, 
383.  386:  studies  of  special  districts. 
294;  summary  of  types  of,  389. 

Mountain  ramparts,  about  continental 
glaciers,  271. 

Mountains,  battlement  type.  228.  445; 
block  type.  439;  carved  from  pla- 
teaux, 443;  of  circumvaElatiOD,  442, 
445;  defined,  435:  domed,  of  uplift. 
441:  erosional,  445;  evidence  tor 
occupation  by  mountain  glaciers.  400; 
Rcnetical,  445:  laraely  shaped  by 
erosion,  435;  of  outHow  and  upheap, 
440 ;  origin  and  forms  of,  436  :  trun- 
cated at  coast  lines.  438. 

Mt.  Etna,  12S,  126. 

Mt.  Vesuvius,  94 ;  appearance  of.  from 
Naples  at  night,  129;  ash  curtain, 
during  eruption,  133;  ash-fall  over, 
1906.  133:  "cauliflower"  cloud  over, 
133;  changed  appearance  alter  erup- 
tion of  1B06.  132 :  eruption  of  79  A.n., 
97 :  eruption  of  1672.  124 :  eruption 
of  1906,  127-137;  hiatory  of.  97; 
lavas  of,  32. 

Mud  cones,  84 :    aligned  upon  a  fissure, 


Mud  flows,  which   destroyed    Hsrcula- 

newn.  139. 
Mud  veneer,  from  eruption  of  Toal.  121. 
Muir.  John,  dted,  7. 
Munthe,  U..  cited,  313.  351.  410. 
Murray,  Sir  John,  cited.  39,  2B3. 
"Mushroom  rocks."  205. 

Nansen,   F„   cited.   17,   260.   271,   272. 

287.  266. 
Narrows,  river,  174,  327. 
Natural   Bridge,    near   Lexington,    Vir 

gioia,  184. 


Nstunl  btideco,  181. 

Natunl  uind  bUet.  204. 

Nfttuie  of  tuatcrials  id  the  litbocpher*, 

20, 
Necks,  votpsmc,  140. 
Nephdite.  4S9. 
Neumayr.  MelchioT.  dted.  7.  146,  1B5. 

196,  223.  426. 
Nivi.  309. 

Newborn  s>acier,  3S7. 
Newisnd,  IS9,  247. 
>Iev,-liuid  [ttk.ea.  401,  402, 
New  Miulrjd  earthquake.  S3. 
New  Rjvpr.  of  Ciunberlsod  plateau,  173. 
Niagara    Palls,    352-360;      episodea     in 

hifltoiy    of.    362-3flS ;    the    clotk    of 

recent  Keological  time.  364, 
Niagus  Borge,  35!t-3ee  :  drillinit  of,  353, 

355 :  episodes  in  hiaUny  of,  in  conner- 

tioii  with  glacial  lakes,  364  ;  plan  and 

section  of,  356 ;  rati"  of  recBBsioa  ol.  356. 
Niches.    371:     beneath    snowdrift   utcs, 

368,369. 
Iflokel.  in  meteorites.  23. 
Jyrfnes  pmiimlai.  397. 
Nipinins  Great  Lakes.  336,  S42. 
SnpieslnB  outlet.  335,  336. 
Nl^qnir,  MMid  mounda  ovcc,  SIS. 


TOntloa  ■bder.  3ST. 
Notite,  r.  H.,  nted.  147. 
NordentkiBld.  Otto,  cited,  154.  167.  295. 
North  Atlantis.  16, 

North  Bay  outlet,  335, 

Northwest     fiighlands      of     Bootland. 

thruBts  of,  45. 
Norway,  reppsting  patterns  of,  229. 
Notched  clifTs.  233  ;    ele^-ated.  248. 
Nourishment  of  coDtinontal  glaciers,  206. 
Nuoataks.  272,  274,  277. 
Nuaabaum,  F.,  cited,  IBl. 

OaaiB.  216. 

Oblateneas,  of  the  enrth,  10, 

Observational    geology    n.    qpeculative 

philosophy,  6. 
Obsidian.  463. 
Obsidian  Cliff,  33. 
OcBun  of  Tethya.  16. 
Oceanic  platfonn,  10. 
Oceana,  arrangement  of.  10. 
Oldhnm.  R.  D..  died.  72,  76,  92, 
Oldland,  150.  247. 
Olivine.  461. 
Omori,  F,.  cited,  147. 
Oolite.  464. 
Oditic  limestone,  464. 
Ooco,  calcareous,  36 ;  oompositioa  of,  39. 


Optk^  Eoiiwr^oay,  ^ 

Order    of    deposition,    dnrinji    j 


Order  of  superposition,  of  stnta,  53. 
Organic  sediments.  34.  ^_ 

Orattn.  1»2.  ^M 

Orleans,  Due  d',  cited,  286.  ^H 

Orographic  blocks.  58.  ^^M 

Obbt,  311.  315.  316.  J^ 

Oscillations  of  muvement.  on  mailfl.  3S3. 
Oulerop  blocks,  (or  study  of  maps.  <i3, 
Outcroppings.  46. 
Outlets,  from  contiuenlal  glaciere.  271: 

of  Elacial  lakes.  326.  327. 
Outwosh  plains.  360.  281.  311.  313.  314. 

399,  408, 
Ovprthnist.  45. 
Oifrns  Valley.  California.  oHW 

quake  faufta  in.  78,         ~"  ^ 
'■Oi-bow."  of  river.  t6S.  . 
Ox-bow  lakes,  106.415.  ^ 

Pack,  drift  of.  287  ;  the.  S8S. 

Pack  ice,  286, 

Pagination,  of  the  earth  record.  3&, 

PaKoehoe  type  of  lava  surface.  113. 

Pan  form  of  deserts.  197. 

Panum  crater,  taldrra  of.  126, 

"Poralld  roads,"  of  Scottish  glenadi 

325,  328,  339. 
Partially  dissected  uplaiid.  180. 
Passarge,  S..  dted,  221.  222. 
"Polemoater  lakes,"  376. 
Pattern,  of  river  etchings.  1S8. 
Patterns,  repeating.  223. 
Pavement,   bowlder.  237;    l^der,  2TS; 

tessellated  from  soil  flow.  154. 
Pavlow,  A.  P.,  cited,  108. 
Peale,  A.  C,  cit«<l,  196,  106. 
Peary,  R,  E.,  dted,  17,  283.  289.  296. 296. 
Peat,  465;  formation  of.  429.  430.  . 
Peat  bogs.  429. 
■■Pele'sHair."  iOT. 
Pele,  spine  of.  148. 
Pcock.  A.,  dted.  294.  399.  414. 
Feaeptain.  171.  179- 
"  Penitents,"  397. 
'■Perched  bowldeni,"  306. 
Pcridotite,  462, 

Periods,  intei^pluvial.  198;  pluvial.  1% 
Peripheral  granulation.  31. 
Pciret.  F.  A.,  dted,  148. 
Philippi.  E.,  dted,  295. 
PhiUipa,  John,  rittrf,  56. 
Phj-aioBTaphic    models.    pr«pSiTstioii  of, 

470. 
Piedmont  rfaciera,  383,  384. 


npes,  toIbbhIo.  140. 

Piracy,  river.  176,  176. 

PirmOD,  L.  V..  cited,  39,  447. 

Pitch,  43. 

Pitching  (oldB.  43. 

Pit  Ukea.  315.  407,  40S. 

Pitted  pluins,  314,  407,  408. 

Pitticr,  H.,  cited.  405. 

Plains,  flood,   178:    coastal.  248;    oul- 

WBsb,  ZaO.  281 ;   pitted.  314.  407,  408. 
PiBtform,  tontiaental.  Id.  19:    oceanic. 

18,  19. 
PI  By  a  takes,  422, 
Plnyfair.  Sir  John.  dted.  178, 
Plucking,  beneath  glaciers,  275. 
PlugB.  volcaoic,  140. 
Plunge  and  flow  structurp.  37. 
Plunging  folds,  43:   detection  of,  49,  RO. 
Pluvial  periods,  19S. 
Pocket  rocka,  in  desert.  200,  201.  202. 
Poles. wind. of  theearth, 263:  eariier,2Q7. 
Poljtn.  189.  4 


Porphyritic  texture,  of  certaiu  igneous 
rooks,  32. 

Portals,  io  mountain  rampart,  aurround- 
i[ie  continental  glaniera.  271. 

Potato  shape,  of  earth.  7. 

Piii,rifUoi-Paii  eupwlitioii,  289. 

Powell.  J.  W..  cited.  178,  439,  446. 

Pratt.  W.  E.,  cited.  147. 

Precipitation,  in  relation  to  Ktaciation, 
261. 

Pressure  ridges,  on  pack  iec,  28(t. 

Prim,  rited.  14,  19.  54.  133,  148. 

Processes  by  which  rocks  are  formed.  30. 

Profile,  cut  by  waves  on  steep  rocky 
shore,  236. 

Profiloa.  character.  177.  318:  character. 
directly  due  to  volcanic  atfendea,  145. 
146;  character,  coast,  due  to  uplift  or 
depression,  269:  character,  of  arid 
lands.  220 ;  character,  of  shore  fea- 
tures.   243:     character,    referable 


.  123. 


37B; 


Projeetilcs,    lava,    "bread-crust"   type. 

119;    volcanic,  121. 
Prying  work  of  frost.  152. 
"Pudding  stone."  4G3. 
Pumiceous  texture, 


Pumpelly.  Rapliact,  cited.  222 
Pumpetly,  R.  W.,  cited.  212. 
Pvya.  105. 
Puyi  of  Auvergue,  124. 


Pyrite.  452. 
Pyroluaite,  450. 
Pyroxenea.  458. 

Quurti.  458. 
Quortiite.  466. 
Qufl&roiifu,  75- 

Rabot.  C.  cited,  424. 

RadiatinE  glaciers.  383,  386. 

Raft  lakes,  417.418. 

Rafts,  log,  in  Red  River.  413. 

Railway  tracks,  buckled,  during  earth- 

quakea,  76. 
Rain  erorion,  214. 
Rainfall,  iufrequent  in  deserts.  197. 
RaisL'd  beaches,  326,  328. 
Ramparts,  ice,  431-434. 
Randnpatte.  370. 
Rnpids.  in  Rhine  gorge.  169. 
Ra-pHli.  122. 

Rath,  G.  vom.  cited,  147. 
Reaction  rims,  about  minerals.  28. 
Receding  hcmicyde  ol  gleciutiDa,  264. 
Rccesaioual  moraines,  399. 
Reciprocal   relatiuu,   of    [and   and   sea, 

R6clus,  E..  cited.  147. 

Records,  of  rise  or  fall  o(  land,  246. 

Red  clay,  of  the  deep  sea.  39. 

Red  color,  of  deserl  rocks,  202. 

Rcid.  H.  F..  cited.  294.  296.  400. 

RejuveQaled  rivers.  173.  174, 

Relief  forms,  carved  by  waves.  213. 

Relief  pattcniB,  dividing  lines  ol.  220. 

Repeating  patterns,  in  earth  relief.  223;  J 

conipnsite,  227, 
Reservoirs,  of  lava,  local.  05, 
Residual  rocks,  30. 
Reflistant  rocks,  in  relation  to  erosioii, 

174. 
Rhine,  gofg"  of.  IM. 
Rhyolito.  463. 
Ribbon  falls,  378. 
Richter.  E.,  cited.  294. 
Richtofen,  Freiherr  von,  cited.  207,  2: 
"Ridge  roads,"  328, 
RifQil.  377. 

Rifting,  in  eroded  mouulBios,  444, 
Rift-valley  lakes.  403.  404. 
Rift  valleys,  440. 
Rigidity  of  the  earth.  20.  20. 
Ripple  markings,  36. 
River,  lOne  of  the  dwindling.  213. 
River  capture,  175. 
River  deltas.  179, 

lUver  etehinga,  intricate  pattern  of.  1. 
River  lakea,  424. 


SmI  pedMUl*.  381. 
~    '  I.  318. 


SBlton  auk.  420. 

Sand,  beach.  206 ;  rolioc,  206  - 

122. 
Sand  blast,  natural.  301. 
Satid  cooea,  84. 
■Sand  devils."  2O0. 
Sandstone,  464. 
SaaA  ttOTttu,  309. 
Santa  Catatina.  23S,  257. 
Sai>I>«r.  K.,  dted.  Ill,  147,  I4& 
"       HQ.  P.  and  F..  dtod.  246. 
SvdmoD.  F.  W..  dttd.  327,  33S. 

erlakca.  415.  416. 

L  Lake,  of  Penian  dcMit.  1991  ■ 
aalinE.  151. 
Scape  ™llu.  277. 
Sean,  f  ram  dincctioD  of  voles 


Rock*.   rlMlio.    30;     enimnon  of,    ISSi    Sn«.  I.  Dl,  rit«l,  411,  470. 
drarriDllonuIanmoromiDon,  4GS-*m.    Scoct.  R.  F.dted.  282,  205. 
ntnuivn,     XI,     4(IS:       JRneoua.     .10:    ScoO.  W.  R,  dted,  6,  60.  73,  2S 
ignroua,    tniliinia    af.    32 ;      igaeoua.        37S 
maHlvv  •trupturo  of,   SI;    intnuii*.  '  "Sctw,"  15S. 
Sa,  40a.  463 ;    lamlnatni  itnicture  oJ.  I  Semvr.  P..  dlrf.  M.  134,  146. 
SI;    m«k»  of  origin   of,    30;     meta- l  Sua  tana.  2M :    rfevated,  248. 
morphlc.    80,    31.465;    ronidua].   30 1    S«a  roim  SSS. 
■Hlimentary,     30;       nedimentaiy,      of    Sea  ice.  3SS.  393. 
chemirEil  precipitation,  4B4 ;  sedinien-   SMijukt^    09: 
tary.      of     mechanical      origiQ,      463 ;  '  "       ' 

Bediroentarj,    of   organic   origin.   464;        ine.81 ;  lumhcTanJ  maitnitude  o(.  Si, 
of,   31 ;  1  Seasonal  lako.  183.  422, 
Section.  geoloeJcal,  t 


eotary.   rounded 

volcanic,  32. 
Row  Barrier,  282. 
Rudolph,  E..  cited,  92. 
Rudaki,  M.  P.,  cited,  19. 
RuneU,  I.  C.  cited,  126,  147,  148.  175. 

17B,  222.  293,  294,  296,  381,  384,  414 

424,425. 

St  Anthony  Falla,  tecesdon  of,  327,  354. 
St.   David's  irorgc.   near  Niagara,   352 

369,  360,  363. 
~i.  Goan,  on  Rhine,  160. 
'  it  Martin,  cited.  436. 
t.  Paul's  Tocks,  a  dissected  volcBDO,  141. 
"-     1,  of  newly  indged  upland,  169. 


wan  about  dwrt.  213. 

Sederboltn.  J.  J.,  dted.  315. 

Sedimentary  rocks.  30:  of  cbemini 
precipitation,  4ft4:  of  merhaiucal  ori- 
gin, 463:  of  organic  origin.  464. 

Seismic  lea  wave,  69 :    Japan 

SoamotectODic  Iinf«,  87. 

Sekiya.  8.,  died,  141.  148. 

S«raca.  391. 

Serapeum,  at  Ponuoli,  254. 

Sericite  sehist.  465. 

Series,  conformabU.  51 ;  uacontonnaUa. 
51. 


464.     


I.  423. 
Ibbury,  R.  D,.  cited.  ' 


Serpentine,  460. 

Shackleton,  Sir  Ernest,  cited.  17,  9 


I.  2B3,  295,  298.  300,  305,  313.  318. 


Shadow  weathering,  2< 
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fihale  464. 

Shaler.  N.  S..  cited,  7,  157,  244.  306,  317, 

319. 
Shapes  of  rock  folds,  43. 
Shaw.  E.  W..  cited.  425. 
Shearing,  in  folds,  45. 
••Sheep  backs."  276. 
Shelf,  continental,  18,  19. 
Shelf  ice,  281,  282,  283 ;   Antarctic,  289, 

290 ;  of  ice  age,  317. 
Sherser.  W.  H.,  cited,  294. 
Shields,  of  lithosphere,  436. 
Shingle,  239. 
Shoal  water  deposits,  36. 
Shore  current,  work  of,  237,  238. 
Shore  lines,  elevated,  340 ;   migration  of 

landward  with  uplift,  251. 
Side  delta  lakes,  418,  419. 
Siderite,  456. 
Sieberg,  A.,  cited,  92. 
Sieger,  R.,  cited.  259. 
Siliceous  lava,  viscous,  103. 
Siliceous  sinter,  194. 
Sills,  142. 

Sinclair,  W.  J.,  cited,  152. 
Sink  lakes,  421. 
Sinks,  in  limestone,  182. 
Sinter,  calcareous,  184;   siliceous,  194. 
Sinter  columns,  formation  of,  185. 
Sinter  deposits,  184. 
Sjfigren,  Otto,  cited,  225. 
Skapt&r  fissure  in  Iceland,  99. 
Skyline,   straight,    of    mature    upland, 

170. 
Slate,  clay,  466. 
Slichter,  C.  S.,  cited,  195. 
Slickensides,  on  fault,  60. 
Smith,  George  Otis,  cited,  173. 
Smithsonite,  456. 

*' Smoke'*  of  volcanoes,  nature  of,  128. 
Smyth,  C.  H.,  Jr.,  cited,  157. 
Snake   river,    Idaho,    lava    plains    of, 

102. 
Snickers  Gap,  177. 
Snow,  B.  W.,  cited,  193. 
Snowbergs,  292,  293. 
Snowdrift  sites,  368. 
Snow  line,  261. 
Soil  flow,  153,  157. 
Soil  striping,  154. 

Solfatara  condition  of  volcanoes,  97. 
Solger,  F.,  cited,  222. 
Solifluxion,  153,  157. 
Sonklar.  cited.  386. 
Spallansani,  cited,  115. 
Spatter  cones,  104. 
Speculative  philosophy  vs.  observational 

geology,  5. 


Spencer,  J.  W.,  cited,  260,  344,  350,  353, 

366. 
Spethmann,  H.,  cited,  267. 
Sphalerite,  453. 
Spherulites,  33. 
Spherulitic  texture,   of  igneous    rocks, 

33. 
Sphinx,  erosion  by  natural  sand  blast, 

205. 
Spits,  240. 
Spitsbergen,  154. 
Springs,  fissure,  190,  195 ;   surface,  181 ; 

thermal,  190. 
Stability,  not  the  order  of  nature,  4. 
Stacks,  233 ;  elevated,  249,  343. 
Stage  of  adolescence,  169,  170. 
Stairway,  cascade,  376. 
Stalactites,  growth  of,  184. 
Stalagmites,  formation  of,  185. 
Staurolite,  460. 
Steppes,  215. 
Still  river,  of  Connecticut,  history  of, 

338. 
Stone,    G.  «H.,   dted,    253,   260,   315, 

319. 
"Stone  ginger,**  208. 
"Stone  lattice,*'  205,  206. 
"Stone  rivers,**  153. 
Strahan,  A.,  cited,  318. 
Strand  lakes,  424. 
Strata,  conformable,  51 ;  contortions  of, 

40. 
Straths,  428. 
Streak,  of  minerals,  451. 
Stream  capture,  179. 
Stream,  meandering,   cross   section    of, 

163;      braided,     280;      intermittent, 

180. 
Stream  velocity,  determined  by  gradient, 

158. 
Strike,  46. 
Striped  ground,  154. 
Strokr,  193. 

Strombolian  eruptions,  117. 
Stromboli,    cinder    cone    of.    115;     ex- 
centric  crater  of,  115;   explanation  of 

eruptions  in,  116,  117. 
Structure,  cross-bedded,  37. 
Submerged  channels,  of  rivers,  252. 
Submergence    of    land,    during    earth- 
quakes, 80. 
Suess,  E.,  cited,  19,  142,  259,  277,  425, 

436,  437.  438.  446. 
SnjgiUmi,  arrangement  on  faults,  87. 
Supan,  A.,  420,  424. 
Surface  moraines,  277. 
Surface  springs.  181. 
"SwaUow  holes,"  182,  422. 
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Sweiafiarth,  O.,  eitad*  822. 

Syonite,  462. 

fi^bob,  T.,  to  esprow  strike  ftod  dip,  48. 

^nidinia  Idid8»  43. 

SsmoliiiMi.  42. 

j^ntom  of  Ikmotons,  6S. 

Taal  voloaiio,  double  eiplorive  enxptiom 

of  1911, 120. 121. 
Table  moontaiiis,  origin  of,  112. 
Takyr,  216. 
Talo,460. 
Talo  sohist,  466. 
TalmAie,  J.  E.,  eiled,  221. 
Talua,  152,  158,  215. 
Tensier-Bmith,  W.  8.,  died,  260. 
Tarr,  R.  8.,  dted,  77,  22,  288,  260,  2fNS, 

801. 
Taylor,  F.  B.,  died,  252,  880,  880,  842, 

848,  846,  850,  855,  866. 
Teotonio  lakee,  424. 
Temperature,   diurnal   dianjiee   of,   in 

deeerte,202. 
Ttenple  of  Jupiter  Serapis,  oadiationB  of 

levd  of,  254,  255. 

Tenninal  moraine,  oi  PIdalooene  dada* 
tions,  208,  200. 

Termind  mondnea,  of  mountain  i^kuden, 
804. 

Terraced  valleys,  820,  321. 

Terraces,  built.  235;  coast,  80,  235, 
341 ;  river,  165,  178,  320,  321 ;  rock, 
216.  ^ 

Terra  Rossa,  of  Karst  region,  188. 

Tessellated  pavement,  from  soil  flow, 
154. 

Tethys,  ocean  of,  16. 

Tetrahedron,  reciprocal  relations  of  an- 
tipodal parts,  13 ;  truncated,  toward 
which  earth  is  tending,  12. 

Tetrahedrons,  twin,  16. 

Thaw  water,  soil  flow  in  presence  of, 
153. 

Theory,  evolved  from  working  hypoth- 
esis, 6 ;  mixture  with  observation,  on 
maps,  63. 

Thermal  springs,  190. 

Thickness  of  formations,  65. 

Thomi>son,  Bertha,  cited,  155. 

Thomson  and  Tait,  cited,  29. 

Thomson,  Wyville,  cited,  296. 

Thoroddsen,  Th.,  cited,  103,  123.  147, 
267. 

Throw,  on  faults,  59. 

Thrusts,  45. 

•* Tidal  waves,"  70. 


TEdoa,  eHMt  OB  n  fliiM  apiili,  OOl 

tSdownter  iladeia»  SOO^ISBOw 

TBI.  81. 810. 

Tmile,81. 

TOI  pldoi^  Sll. 

TbdB.  380,  381. 

Tlvolf,  travertine  oi»  184. 

Tombdaa,  241. 

Tonguee,  loe,  on  maiiia  of 

glaeiflra,  272. 
Topograpbie  mapa*  81: 

467. 
Topognpiiy,  built  up^  801;  eonilni^ 

tlonaLdOO:  deetiuetiowiLiOO:  Mk 

65;  fold,  66;  indeed, 801;  kMbad 

badtt,  814. 
TapHwt  beda,  187. 
Tounnaline,  480. 
Tower,  W.  8.,  dted,  178. 
Tiadiyte,  463. 

TiaowMkn.  of  Oie  8ea»  87. 
Tnuvpaieney,  of  minetali^  451. 
Travertine,  184, 484. 
Traei,  how  alleoled  fagr  advnneiBg  hn^ 

138;  ^i*w1ffffw^ftff5l  ftn ' 

164. 
'"IMUb  drainage,*' 178. 
TrougbUne,  of  a  esmefinob  ^ 
Trunk   duinnda  of 

181/ 
TRmaniie.70. 
T  eymbola,to  egproi  strike  and  d|p^ 

48. 
Tufa,  calcareous,  464. 
Tunnels,  lava.  111,  112,  125. 
Twin  tetrahedrons,  16. 
Tyndall,  John,  cited,  192,  196. 

Udden,  J.  A.,  cited,  222. 

Unconformable  series,  51. 

Unconformity,  65;  epiaodee  in  history 
of,  52 ;  meaning  of,  51. 

Underfolding,  of  earth's  ehell,  437. 

Underground  water,  180. 

Undertow,  236. 

Unstable  erosion  remnants,  in  **driftleai 
area,"  300. 

Upham,  Warren,  cited,  325,  327,  339, 
344,  350. 

Upland,  fretted,  372.  rrz  ;  grooved,  372, 
373;  maturely  dissected.  170;  ma- 
ture, imfavorable  to  commercial  de- 
velopment, 171 ;  newly  incised,  169: 
partially  dissected,  160;  progressive 
investment  of,  by  cirques,  374. 

Uplift,  marks  of,  on  coasts,  245 ;  sudden, 
of  coasts,  247. 

Upraised  cliffs,  249. 
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TJptilt,  in  basin  of  Lake  AgasBiit  350; 
of  glaciated  area,  evidence  that  it 
continues,  348-^350 ;  of  glaciated  area, 
supposed  nature  of,  344-347. 

U-shaped  valleys,  374. 

Usu-san  (New  Mountain),  birth  of,  06. 

Valley  moraine  lakes,  400,  413. 

Talle3rs,  hanging,  378;  of  V-form,  172; 
U-shaped,  374. 

Valley  trains,  311,  399. 

Van  Hise,  C.  R.,  cited,  54. 

Varnish,  desert,  201. 

Veatch,  A.  C,  cited,  418,  425. 

Verbeek,  R.  D.  M.,  cited,  100.  142,  147, 
148. 

Vesicular  texture,  of  extrusive  rocks, 
32. 

Victoria  Falls,  225. 

Vincentius  of  Beauvais,  cited,  9. 

Volcanic  ash,  122. 

-Volcanic  bombs,"  121. 

Volcanic  dust,  122. 

Volcanic  eruptions,  during  changes  in 
earth's  figure,  15. 

Volcanic  lakes,  424. 

Volcanic  mountains,  of  ejected  materials, 
115;  of  exudation,  94. 

Volcanic  necks,  140. 

Volcanic  pipes,  140. 

Volcanic  phigs,  139,  140. 

Volcanic  projectiles,  121. 

Volcanic  rocks,  32. 

Volcanic  sand,  122. 

Volcano  belts,  of  the  earth,  98. 

Volcano,  definition  of,  95. 

Volcano,  eruption  in  1888, 118, 120,  147 ; 
history  of.  118.  119. 

Volcanoes,  active,  97 ;  arrangement  over 
fissures,  99;  birth  of,  96;  cone-pro- 
ducing period  of,  127;  convulsive 
eruptions  of.  105;  crater-producing 
period  of,  128 ;  dissection  of,  139,  148 ; 
dormant,  97 ;  early  views  concerning, 
^5;  "elevation-crater'*  theory  of,  95; 
explosive  eruptions  of,  105;    extinct. 

.  97 ;  fissure  eruptions  of,  101 ;  location 
fit  fissure  intersections,  100 ;  map  of, 
in  Java,  100 ;  migration  of  vent  along 
fissure,  101,  124 ;  misconceptions  con- 
cerning, 94 ;  mud  flows  after  eruptions. 
138 ;  of  Gulf  of  Guinea.  101 ;  regarded 
as  retaining  walls,  124,  125;  relation 
to  mountain  ranges,  144;  sequence  of 
events  within  chimney  of,  during  erup- 
tion, 134,  135;  solfatario  activity  of, 
97 ;  three  types  of,  105. 

V-shaped  valley,  172. 


Vulcanello,  119. 

Vulcanian  eruptions,  117,  126. 

Waltershausen,  S.  von,  dted,  148. 

Walther,  Johannes,  dted,  201,  202,  203, 
204,  205,  206,  211,  215,  221. 

Wandering  dunes,  209. 

Warren  river,  416. 

"Washes."  213. 

Water,  derangement  of  flow  during  earth  ^ 
quakes,  83;  ground,  180;  percolat- 
ing, r61e  of,  149;  running,  earth  fea- 
tures shaped  by,  169;  shot  up  in 
sheets  during  earthquake,  83;  thaw, 
soil  flow  in  presence  of,  153. 

Water  gaps,  176. 

Water  pipes,  buckled  in  ground,  during 
earthquakes,  75. 

Water  table,  180;  extreme  depth  of, 
201,  203. 

Water  wave,  effect  of  breaking  on  shore, 
233 ;   free,  232 ;   motion  of,  231. 

Watson,  T.  L.,  cited,  259. 

Wave,  water,  the  motion  of,  231. 

Wave  base.  232. 

Wave  length,  231. 

Weathering,  carbonization,  151 ;  chemi- 
cal, 149;  chemical  agents  of,  149; 
dry,  201 ;  exfoliation,  151 ;  frost 
action,  152 ;  hydration,  151 ;  in  rela- 
tion to  climate,  150;  internal,  in 
deserts,  201 ;  mechanical,  149 ;  of 
lithosphere  surface,  29 ;  shadow,  203 ; 
spheroidal,  150,  151 ;  two  contrasted 
processes  of,  149. 

Wed  iWadt),  212,  213.  214. 

Weed,  W.  H..  cited.  196.  441,  447. 

West  Indies,  seismotectonic  lines  of, 
88. 

Wheeler,  W.  H.,  cited,  244. 

Whirlpool  basin,  at  Niagara,  359;  exca- 
vation of,  360. 

Whitbeck,  R.  H.,  dted,  319. 

White,  David,  cited,  318. 

Willis,  BaUey,  cited,  45,  54,  157,  260, 
318. 

Winchell,  N.  H.,  dted,  354. 

Wind,  in  relation  to  location  of  gladers, 
377 ;  in  relation  to  mountain  gladers, 
367. 

Wind  distribution  of  snow,  367. 

Wind  gaps,  176. 

Windkanten,  205. 

Wind  poles,  of  the  earth,  263 ;  of  earth, 
earlier,  297. 

Wintergreen  Flats,  site  of  captured  fall, 
358. 

Wisconsin  diamonds,  307,  308. 
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Zieiag   ranged,    duo  to    plunging  f 

P            Working  hypotheflie,  6. 
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''this  BOOK  TAKES  HIGH  RANK  AMONG  THE  FEW  GREAT  BOOKS  UPON  GLACIERS." 


Characteristics  of 
Existing  Glaciers 


By  WILLIAM    HERBERT   HOBBS 

Profeflior  of  Geology,  Univenity  of  Michigan 

Illustrated^  cloth,  Svo,  $J.2j  net;  by  maU,  $3*47 


"The  author  has  done  good  service  to  the  glaciolog^st  and 
glacial  geolog^t  in  bringing  together  his  concise  description  and 
classification  of  existing  glaciers  and  ice-sheets  in  the  present 
convenient  form.  Especially  in  the  parts  devoted  to  Arctic  and 
Antarctic  ice  he  has  made  an  exhaustive  digest  of  the  scattered 
literature,  and  has  presented  a  copiously  illustrated  summary  of 
the  available  information  respecting  the  distribution  and  char- 
acter of  the  ice  of  these  regions.  To  the  end  of  each  chapter 
he  appends  a  full  list  of  his  authorities,  so  that  the  book  is  in 
every  respect  a  most  useful  work  of  reference.  .  .  .  Every 
geographer  and  geologist  interested  in  ice  will  appreciate 
these  clear  descriptions  and  excellent  illustrations  of  the  earth's 
great  glaciers — they  make  up  into  a  most  presentable  book." 

—  Nature. 

The  specialist  will  appreciate  its  authority  as  a  work  of 
reference,  and  the  general  reader  will  find  it  interesting.  It  is 
exceptionally  well  illustrated  with  thirty-four  full-page  plates, 
and  nearly  one  hundred  and  fifty  pictures  scattered  throughout 
the  text. 
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Economic  Geology 


With  Special  Reference  to  the  United  Sta^ 
By  HEINRICH  RIES,  A.M.,  Ph.D., 

AsnsUnt  Pzoiatoi  ot  Economic  Geologj  at  Comll  Uairenity 

TAinf  Edilion.  aiiatfed  and  tkoteagUy  mised,  sSg  fcpf 
2ST  muHTdiions,  $6  piMfi,  tj.jo  mtl;   by  maU,  ti?0 

"  Attcgethn  the  work  is  mo  admitable  one,  and  we  Mtongly  coanaend  it  to 
leachen  in  ihis  cuiinny  ai  a  source  of  cancUe,  accurate,  a&d  recent  informatjan 
regarding  the  mineral  depoiits  or  the  United  Stales."  —  A'aturr,  London. 

"All  general  introdactoi?  geological  or  mineralogical  matter,  the  reader  a  nip> 
poMit  to  have  acquired.  For  len  important  nutter  slightly  smaller  type  U  QMd. 
The  style  is  condensed  to  the  last  degree,  but  not  at  the  eipente  of  itt  cleamaa^ 
which  is  French.  The  mull  is  a  compact  and  eicetlent  book  —  one  that  croy 
broad-minded  business  man  should  haie,  and  that  deicrvci  the  tndc  acceptance 
which  it  is  finding."  —  Sdimt. 

"  Ncceasaiily  condensed,  it  yet  coven  the  ground  in  a  thorough  and  aillhortUIi*e 
manner  and  will  be  used  by  many  as  the  most  satisfacloiy  tcxtbouk  available." 
—  H.  V.  W.  in  Tit  AmirttoH  Gteiigijf. 

"  The  author  is  to  be  congratulated  on  the  broad  pcispcetiTC  he  has  of  his  theme, 
and  the  clearness  of  hit  style  in  presenting  it.  He  uses  no  unaeccsisry  words  la  hs 
treatise  ;  he  omits  none  that  are  requisite  to  itt  complete  presentation. 

"  It  is  to  the  economic  phase  of  geological  study  that  he  addresses  biniielf.  What  ' 
the  commercial  value  and  um  of  the  various  deposits  in  the  earth's  crusts  are.  he 
tells  ns  in  the  plainest  and  most  forciUe  way.  He  does  not  entirely  avoid  other 
fealiiTes  of  geology  which  have  been  presented  in  many  other  volumes,  but  he 
holds  himself  to  the  one  purpose  of  showing  the  industrial  and  commercial  value 
of  clays,  and  coals,  and  marbles,  uid  metallic  ores.  To  all  those  who  are  interested 
in  mines,  and  in  manufacturing  what  mines  produce,  his  work  cannot  ^1  to  be  of 
the  highest  value. 

"The  book  is  divided  into  two  sections:  the  lirst  dealing  with  '  Non- Metallic 
Minerals '  —  such  as  coats,  petrolenm,  building  stones,  cements,  gypsum,  and  others; 
and  the  second  part  treating  of  '  Metallic  Minerals  or  Ores'  —  such  as  iron,  cupper, 
lead,  tine,  aluminum,  and  many  others.  The  ground  covered  by  the  author  it  very 
comprehensive  and  thorough. 

"The  illustrations  and  diagrams  are  numerous  and  illuminative.  .The  author  has 
bad  access  to  plalca  end  cuts  of  the  United  Stales  Geological  Survey  in  many  in- 
stances,  and  has  made  use  of  the  statistical  tables  froca  the  tame  source.  Taken  all 
together,  the  volume  is  among  the  choicest  of  its  kind,  and  we  predict  for  •'.  a  wide 
circulation."  —  AVio  England  yournal  of  E\lu€alii>n, 
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An  Introduction  to  Geology 

By  WILLIAM  B.  SCOTT 

Blaic  Professor  of  Geology  and  Palieontolofj  in  Princeton  Uoiversily 

Second  Edition     JtlnslnUcd    Cloth    $2.60  net 

This  b  intended  lo  serve  as  an  Inttodaction  to  the  science  or  GeolDe;^'  f°'  ^^ 
■tudcnts  who  desire  to  panue  Ibe  subject  exhaustively,  and  thiise  who  wish 
mctely  to  obtain  an  oatline  of  the  methods  and  principal  results  of  the  science. 
This  is  not  one  of  the  teit-boulu  which  always  pronounce  a  definite  and  iinal 
opinion.  The  author  holds  that  in  no  science  are  there  more  open  questions 
than  in  Geology,  in  none  are  changes  of  view  more  frequent,  and  in  none  is  it 
more  important  to  eraphasiie  the  distinction  between  fact  and  inferenc 
observation  and  hypothesis.    The  student  is  here 

and  balance  probabilitiei  and  to  suspend  judgment  wnen  me  testimony  is  in- 
■ufEicient  to  )uslify  decision.  The  author  is  an  advocate  of  the  new  geology,  and 
bis  book  presents  all  the  latest  advances  in  science.  The  book  is  very  fully 
illustrated,  many  of  Ihc  plates  being  from  photographs  taken  by  tbe  United 
StMes  Geological  Survey. 

Professor  C.  R.  Vau  Hise,  UnimrsUy  of  WisconstH  :  I  have  looked  the  book 
through  with  increasing  pleasure.  The  latest  advances  in  American  Geology 
have  been  taken  advantage  of,  so  that  the  book  is  up  to  date.  American  in 
■truclors  in  geology  have  been  waiting  a  long  time  for  a  book  which  could  be 
used  satisfactorily  as  a  guide  in  an  opening  course  in  geology.  Professor  Scott's 
book  seems  lo  be  admirably  adapted  for  this  purpose. 

Professor  B.  K.  Emebson,  Amherst  CoUege;    Professor  Scott's  Geology  si 
to  me  excellently  lilted  for  my  beginners  at  Smith  College,  and  I  shall  try  it 
there  next  year.    It  la  a  fine  book. 

Rocks,  Rock-weathering,  and  Soils 

By  GEORGE  P.  MERRILL 

Curator  of  DepartmenI  of  Geology.  United  States  Naiional  Museum,  and   Professor 
of  Geology  in  Ihe  Corcoran  Scientific  School,  etc. 
With  many  Illuslralions    Full-page  Plates  and  Figure!  it, 
Saond  EditioH    Clolk    Sua     Price  $4.00  net 

"This  is  one  of  the  most  useful  and  mos 
pearei!  in  recetil  years,  possessing  as  much  in 
geologist."  —  iJiii/fJiM  Amcr.  Geog.  Saciely. 

"  In  treatment,  as  in  subject.  Professor  Merrill's  work  is  notable.     It  is  slrictlf  | 
up  to  dale,  embracing  the  results  of  the  latest  reseacehet,  and  duly  recogniiing 
the  work  of  contemporary  investigators  ;   also  it  is  made  admirable  mechanical)] 
by  clear  typography,  good  paper,  excellent  illustrations,  and  a  full  index."  — 
National  Geographic  Magazine, 

"A  book  brimful  of  facts  obtained  by  workers  in  divers  fields.    The 
forms  a  highly  important  addition  to  our  practical  knowledge  of  geology."  — 
ScioitiJU  American. 
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In  the  Heart  of  the 
Canadian  Rockies 

By  JAMES   OUTRAM 

Wiik  mupis  and  fcrty-six  illustraiWHs,  reproduced  from  photo- 
grjpks.    Clak,  imperial  Aw,  gUi  top,  t2.yf  net;  by  mail,  $2.80 


^  Thcfv  is  an  cnezpected  freshness  in  the  whole  treatment,  a  vigor  of  move- 
Bient  in  the  narrative,  and  a  brilliancy  of  touch  in  the  drawing  that  are  al- 
toc:ether  excxptiooal.  No  one.  we  think,  will  be  able  to  read  this  work  without 
forming  a  strong  desire  to  ^isit  the  Canadian  Rodcies,  and  the  admirable 
photographs  which  hai-e  been  used  in  the  illustrations  will  strengthen  that 
desire."  —  CiMrJk  Siamdard, 

*"  An  invaluable  guide  in  laying  out  a  strip  in  a  section  of  Canada  which  is 
bound  :o  be  ox'emin  with  tourists  one  of  these  da\-s.  The  traveller  may  then 
take  the  book  along  with  him,  and  if  he  does  not  want  to  find  the  way  up  As- 
siniboine.  he  can  sit  on  the  piazza  of  the  Banff  Hotel  and  read  about  it :  if  he 
has  not  the  energy  to  dimb  Lefiroy  or  tramp  to  the  Valley  of  Ten  Peaks,  he 
can  read  about  that  also  as  he  contemplates  from  the  Lake  Louise  chalet  one 
of  the  most  beautiful  views  on  earth :  if  the  long  Yoho  Valley  trip  is  too  much 
for  him.  he  can  enjoy  Mr.  Outram*s  description  the  while  he  looks  out  on  Emerald 
L.:kv  :::"■.'.  ar.:ther  chalet,  and  similar! v  he  mav  learn  about  the  sources 
o!  :!.e  Saska:che\v.in.  the  Ottertail  group,  and  Mount  Stephen  without  stir- 
ring tr^r.'.  :he  hostelry  at  Field.  Mr.  Outram  goes  thoroughly  into  the  history 
o:":!.e  e\y!ora:ion  of  the  Canadian  Rockies,  incidentally  telling  all  about  the 
de.'.th  or  ;.  oj.ni:  Al  bot  — the  one  tragedy  of  this  new  haunt  of  the  mountain 
cl::r.':  er."  —  T.'^p:  Jfuf  Coun/rv. 

"  It  is  so  inspired  with  the  glories  of  the  mountains,  their  sublime  solitudes 
anii  silences,  and  their  fascinating  perils  that  it  might  well  be  called  the  epic 
of  .\n"ierican  mountaineering." —  ll\yrlJ  To-day. 

'*  The  author  is  an  intrepid  and  p>ersistent  climber  of  diflfs  and  glaciers.  Of 
forty  j^eaks  listed,  all  of  an  altitude  exceeding  10.000  feet,  he  can  claim  to  have 
conquered  sixteen  —  including  Mounts  Lyell,  Assiniboine,  Bryce,  and  Mount 
G^kimbia.  the  latter  being  a  *  first  ascent.'  So  greatly  does  the  book  multiply 
the  pleasure  of  a  visit  to  the  Canadian  Rockies  that  it  deserves  to  be  put 
among  *  the  indispensables.' "  —  Sports  Afield. 
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